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Abstract 



* * This manual contains fifteen energy and energy conservation ^ 
activities suitable for Integration Into bigh school physical and 
ehvironfliental science and math classrooms. The activities are in- 
dependent, each being self-contained with its" own objectives, Intro- 
ductlon and background information. A- special section of each activ? 
Uy (Teacher's Guide) is written for the Instructor and coritains 
helpful hints, sample data and suggestions- for follow-up actlvl- 

ties. ' ' . . 

Most of the activities are analytical' or empirical and require 

* a second year high school algebra capability. -jOthers may require 
some background in trigonbmetrf and computer prograRining. Effort 
was made tonsure a qrfantltattve approach and.-Vhere possible, to' 

^relate activity results to the social econanlc 'and environmental 
ramifications of energy conservation. Aim)ng the topics Included 
are -thermoqou pies, heat content of fuels, heat storage mechanisms, 
• wind machines I solar geometry, illumination, exponential growth, 

•insulating characteristics of various materials, electrical con- 

\ ■ 

.sumption of appliances, solar greenhouses and passive solar design. 

Both theoretical and practical' engineering concepts are illustrated 

t • - , . 

and demonstrated by the. actlvl ties. 

Student pages can be detached from the manual and reproduced 

in class sets. Additionally, the materials needed to implement . 

4hese activities are inexftensive and can be found at home and in 

high school stockrooms or they may be purchased locally at hard- 

ware stores. X . • « 
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, Preface 

. I 

From ^u1y.31 to August 18, 1978, seventeen fleeted high school 
physical science and mathematics Instmjctors convened at the Engineer 
Ing -Center, University of Colorado, to participate in a National 
Science Foundation supported "Workshop on Energy Conservation". Onf 
of the project go<ei1s ^ms to produce a self-contained set of activity 
modules for infusion and integration into high school physical sci- 

« 

ence and math classes. 

. The rationale for this project is straightforward: Although 
niany fir/e energy educational materials have -been produced by putlic 
and private organizations in the years followi/^g the OPEC entf)argo, 
much of what is available is ssuitable for the non- technical- student. 
It way felt that little 'exists currently to challenge and to ekour- 

m 14 

age the above «verag^ student to pursue technical careers relaxed to 
/ • 

new 'energy technologies and oriented to energy engineering. This • , 
(^VQlume is a contribution to that effort. , 

Chuan ^. Feng 
* Project Director 
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If«>ACTS OF EXP(»4ENf lAL- GR(SfrH 

/• ' / ^ - . 

PURPOSE : The purpose of this activity is to ^ociis your attention on 
the relationship between rates of population grwth and consuflption of 
finite resources. Our industrialized systems which support our con- 
temporary lifestyles function on an energy base derived principally 
from the fossil fuels (coal, oil, natural gas). Wiile the unused 
quantities of these material resources may seem very great to us, the 
fact remains that they are being constaied very rapidly. Some of these 
resources will be depleted in our lifetine, causing profound changes 

in our lifestyles. . ' 

5 ■ 

An of i|s need'- to understand and practice ways we can use our 
energy and other finite resources more conservatively and intelligently*. 
Some of you may wish .to consider pursuing energy management careers 
in order that you may become closely involved, in helping to solve our 
energy problems. It^ is, perhaps, one of the greatest challenges ever 

* , ' ^ • 

to be faced by our w^ld societies. 

INTRODUCTION : . 

1. . Definitions : • /. 

a. Finite re sources - resourcesiJ such as coal, oil, gas and min- 

^ ^ L ' 

erals, which are limited; they are not being replenilshed or 

• ■ f 

renewed. " • 

b. Exponential growth - the growth of a quantity (such as pop- 
ulation) which increases' by a fixed percentage of' Itself in • 
equal tin« intervals. 

c. Foisil fuels - those finite, natural resources which provide 
the energy (1) to generate our electricity,' (2) to run our 
industrial systems, (3) to heat our hones, (4) to run our 



automobi Us. ' J 

d. Ooubl inft^tlwe - the time required f or » quantity grcwlng at 

a constant rftte to double In size. ' 

e. ExtraiK)1 at i orts ^a type of prediction in which what has happened 
in the pfst is el(tended into the future. 

2. Applications ; The concept of applyiji? exponential cO(isi^tion rates 
can be applied to situations other than energy. For example, if we can 
determine the population growth rate for Denver, ti^ can extrapolate the 
future i^quirements for water, food and clothing. ' 

3. - History ; Perhaps modem man has more information available about his 

resources and their consumption than at Any time in the past. What we^ do 

i- ' " 

with this infermation nay have profound implications for Ihe future. 

* 

OVERVIEW OF ACTIVITIES ; " 

^irst Day : A review of mathematics and problem solving. ' 

2. Second Day : A simulation exercise to ccMipIre -the space occ\jpied 
by Ijwo populations having difffrent exponential growth rates. - 

3. Thi^d Day : A simulation exercise to compare consumption rates. 

4. Foufth Day ; Fossil fuels and problem solving. 

5. Fifth Day :" General review and test. ' ' 

FIRST DAY : A Review of Mathematics and Problem Solving 

V ■ 

PURPOSE : As a result' of today's activity, you will understand and be 

'able to work problans involving: ' - 

J" i . 

(1) exppnents, (2) expo^ntial growth rates, and (3) doubling 
time^CTg » 70/P )/ / • 



MATERIALS .- Paper and- pehcil 
PROCEDURE : Problem solving 



1.^ ' ExiK?nen^ ,the po*ffir,tp which a nianber is raised. 




Examples: 5 ineaivs 5 x 5 = 25 

5^ means 5x5x5= 125" ^ 

5^ means 5x5x5x5* 625 

2 * 

Problems:. 8 ^ ' 



0 



— ^ ~ 

8^ = 



Scientific Notation : When using very large numbers,, it is fnuch . 
easier to exj^ress the nisnber in terms of . powers of ten. 
Example^:^, ^ 10 = 1 x 10 



^ TOO = 1 X 10^ 

3 

1000 = 1 x 10'^ 



6 ' ' " 

1000(K)0 = 1 X 10" f 



^ Problems: 1. Express in powers of ten: 

a 



I. 2/= 2.7 X 10 



b. 876 = 



c, 1390 = 

• r~r 

d. 27. 100. 000 = _ 



2. In 1970 the United States protjuced 3.29 billion 
barrels of oil. Express this quj^ntity in powers of ten. 



t 



' ? ^ '. ^ 

Exponential Growth Raite : )^hen a quantity grows by a fixed percent 

per year, .the ^owth is* exponential . This is represented by 

Equjation.d): N=N e"^^ (1) where N^^jis the size of the growing quariti 

ty atVtimci |t;=0 ; N is the final size of the quantity; k Is the 

' fraationil xhaAgei/i N per timilunit and e is the base of natural 

logarithms. Exponential growth is characteHzed by doubling. Whert-- 

• . . . ■ * • ^ 



1 1 



♦.awwth r?te is constant. Equation (2) can be used, to. determine the time 

— [ : • \ ■■ t 

V' for the^^nt.ity to dguWe. That equation i&: 



' . ! « -p. ^70/P.; -(2) 



. vlheret 



■ f TA' r,\be tlfne required to 'double a^d, 
P = the percent growth per ye.ar. 



Problems.' 



1. Assume that in 1958 the population of Denver. Colorado 



I was 500,000 (5 x 10^). If the grolrth-rate ?or Denver 
has fc^en 3.5^ per year, how many y^ars are required for* 
Itenver's population to 4ouble? >^ > • 
f ^ ^^^^ = 70/3.5 ^0 years. 

Therefore, Denver's population i^ 1978 = ' . • 



r 



Denver's population/in 1908 = * - V 

2. If each person consumes a <Juart of miH^r day in Dfenver. 
how many gallons of fflilk.w€Rjld be consumed per day: * , 
in 1358 ?' ^ ! - 
. iff 1978? ' ■ . 



in 1998? 



3. If each dairy cow gives four gaUonj of mi Ik/day,. how many / 
* cc^s would be requirfed to provide milk to Denver's population? 
if? 1958 ? - . 



in 1978 ?_ 
in 1-998 ? 



•4." Assume- 'that .there were 25O,GG0 (2.5 x 'autpmob41es 
-jn Demfer in 1958 and that the.^ber of autos jrfill in- 



crease In direct, p'ropprti on to population increase. 
How many' autos would we expect:. 
-In 1978?* . .'>•'' ^ 



■0 



* . In *1998y 



. 5. .'Assupe thst eAch aUtrenQl?11fi uses three gallons of gas- 

ol-jn^ per da^. . Conpute the number of gallons of gasoline 
consumed per dqy. / 



In 0958? 



In 1978? 



In 1998? 



6. Assume that each person in Denver uses 100 gallons of 



.1 



water per day. COTjpute thfe number of gallons of water ' 
used per day. 

In 1958? / - 



In 1978? 



In 1998? " 



OyiUSIONS : • • - ' * . , • ■ 

1. What effect does an exponential growt^rate have on a popula- 
tion? * , . 

2. WhafT^ffect does an- exponential growth rate have on a population 



consumption of resources? 




■ SECOND My : A Sfnwiat^on. Execc^se* ta Compare the Space- Occupiea by Two 
, ■ Populations Kavj.ng blfferf^nt Growth Rates . . 

• * ' ' • 

PURPOSE:- As a result of this* exercfse, the 'student will : (l)' o6serve»y 

— : ' ■ « ' . . ■ • ■ " " , * 

calculate aod dwiipare the rate's a'^ whicK space Is occupied by two pofHjla- j 

''-■•*•'■'■*. ■ ' ' ■" ■•■ " * 

tions -browing at 'difffefent ^tes; (2) \gain an appreciation for the is^ct; 

which populatibh gro*(th'. rates have on space avai^bility. 

MATERIALS : 1-1 50, ml boVtTe/stutient 

' ' 300. ml beans/pair of students . ' 

PROCEDURE * -tJsing .teans'las units of al population, ^tudehts^ place them 
in the two bottled .at.differentllsites.- Tte first pojHilation doubles 
every minute; .the second population dmibles every five minutes. The 
simulation wj^^j^jnue until wie^ttle becomes full. 

DATA : In the space provided, record the number of population units 

placed in each bottle for every minute interval. 

• - ' • . 

- Time Miffliber of Population Number of Population Units 

(mTnutes) Units (Tg = 1 min) (T2^= 5 rain) 

'1 ■ • ^ _ : 

2 ' ^ 

3 • . ' 

4 ^ • 

5 , ^ 

6 ;: 

7 

8 . '. ' ' . 



14 



Time ^ Nun<>er of" Population' Ni«iA)er of Population Units 
(wTHUfe^^V ' Units ' fj^^ } win) • (Tg = S.nnrv) 



9 

10 
11 
12 
.13 
14 

» 

15 



Total : 



RESULTS: 1. Did either population fill i-ts bottle? 

' • V ;■ 



Which one? 



How many minutes wre required for this to occur? 

, -^r— — '— ■ , ■ 

2. How many units of population were placed in the first bottle? 



The second bottle? 



3. If the simulation had continued for the full fifteen minutes, 
how many population units Viwuld have occupied the first bottle? 



The second? 



CON CLUSIONS : . , * 

f% — W — • f 

1. How is available space affected by population growth rates? 



' t Th$' world pppulation toffay Is estimated to be 4 binion people. 
It Is grwing at the ra*te of U 6 percent piJr 'yefar. In how many years can 
v<e expect thfe w^rld population to double to fl billfon people? v_ — 

yea«/ (Tg ^ 70/P) ' ' , \ / ^ . • 

.What affect will this ^vp on the^nuB^ of: > . . 

, " a) hosiiitajs?; ' '. '. — — 



b) power generating plants? 

c) farms? • ' ' 



it 



d) reservoirs of water? 



Now name ^ other needs which will be affected by this doubling. '\ ■ 



( 



THIRD DAY- : A Simulation Exercise Comparing Consiwptign at Zero and Expo- 

nential.Rat^ ♦ • , , ■ / 

>' - / 

PURPOSE ; As a result of today'ls activity, you will be'at>1ei (1) to couit' 

pare mathanatically t^e consianption of a resource by t*«) populations— obfe 

at zero g'rowth rate and one at an exponential qHMt\\ rate and; (2) to develop 

'v , 

a greater appreciation for the significance of resour-ce consumption by 
populations, grwing at exponential rates. 
MATERIALS : 12 liters of popcorn (popped) 

Two 6-l1ter bowls ' ' , . 

PROCEDURE -. Two large bowls of popcorn will ea<:'h represent a finite resource. 
(Note: Each bowl could represent the world reserves of tfbal. crude oil, 
natural gas, food, water, etc.) One will be /consianed by a non-growing 
population (i.e-., ZPG); the second will be qi>nswned by a population which 
doables every' minute. (Note: The minute interval could represent any 
interval of. time; a day, month, year, centiiry.). 

16 



e nranber of the class will represent a zero-growth population. 
:e: Each person can represent a thousand; a million, or an/ number, 
Sf people.) This person will eat one piece of popcorn every minute 
fron^the first b^l. The remaining members of the class will compose 
the growing population. They, too, begin consuming with only one 

pe.r^on eating one piece the fiY:st minute. They continue doubling 

■ ■' ' " , • ■'"'*, 

their aonsun^tion nte ev.ery -minute until all remainlhg students 

are eating. - ' •# 

In order to continue the exponential rate of *consuR0t1mi» thei^ * 
laj^ger population will, now simu-Jate ;great6r numbers by simply doubling 
the quantity it consim^s at each minute interval. The simulation will 
continue until One b(^l iS' empty. . 

DATA : In the space provided, record the quantity of the Wsource con- 

sumed by each population group for every minute interval* 

Time Quantity Consumed by <^antity Consumed by 

(minutes) Zero Grtmth Population Groking Population 

1 ^_ 

: y . — — 

■3 . 

4 . ■ _J . 

5 _J . 

6 ' . ■ 



B 
9 

10 
,11 
12 




Quantity CansiM^ 1i>y < \^ntit^ Con$ined 
Zerb 6roirtK.Populatfon. Growing PofMJlatlr 
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RESULTS : . * ' * ' * - 

1. Did either pofNilation C(»)si«e all of its resource? 



Miich one? 



2. How many intervals of tine (painutes) mrk required for the 

■ . ■ ■ ^ ■ / 

resource to be consmd? 



3. During this period of time, how nany pieces of the resource 
consumed by tfm zero groirth ra^ p^laticm? . ^ 

^ ^ ^ 



. By the exponentially groiring p^Tation? 



4» If the simulation cwld tove contJinued for twenty-five ninutes, 
how many pieces w)uld have been i:pnsuied by the zero grouch- 
population? / ' 



By the exponentially growing population? 

: -4— 



CONC LUSION ; How does.population growth rate affect the consui^tion of 
a resource? , . ^ 



FOURTH DA/ y Ho« bong Will. Our Fossil Fuels Last? . • 

PURPOSC : As a result 'of this exercise, you will: (1) be able to calculate 
thf lifetime for certain fossil fuels; (2) gain a better understanding of 
4then we may expect these resources to be depleted; (3) understand the 
importance of conservation; and, (4) give some thought to pursuing ' ' 
careers "In science^ ^ - 



itA ca 
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MATERIALS: . P^jJer,. -pencil &rf6 calculator 

' - \ • '\ " ' 

PRCKEDURE : Problem solving • 

• * • ♦ . '■ • 

DATA : 

Problems: 1. It i^ estinated that the ultimately Vecoverable resources 
of oil from just the continental United States wilT'bje 
190 BB (billion barrels). By 1972, 96.6 BE had been pro- 
duced. How many BB of oil renain to be receovered? 

What percent of the total oil was produced by 1972? , 



2. In 1970 the annual production of oil frc^ reserves in the 
continental United States was 3.29 BB. , Assume that the 
consumption rate ranalns constant. (Is tifat 'rfeally likely?) 
How many years of oil production remains? (This number is 
the static reserve index for domestic Retroleum. ) 



At what year may we expect U.S. oil production to be exhausted? 

■ • 

3. The Alaskan oil reserves are estinated to be approximately- 10 
BB. Assume that the 1970 production rate of 3.29 B6 could be 
maintained. How many years of additional production will -this 
\ ' §ive us? • , 



/ 4 



4. It is estimated that therti may be 103.4 SB of U.S. oil .shal^. 
Assuming the 1970 product ion rate, of J,29 BB, ho«^ many addition- 
aVyears might t^ii add to our oil prcJiuctlon? 



♦ 

I 



-5. It'has Ueeh caVculate||'that with a 3« gronfth rate Ajl of th^ 

. reserves will have been consumed in" 35.3 years. At a. 3% growth- 

• • . rate factof, calculate .how many years would be* required for pro- 

f. , w_ - dut'tlon (and consumption) to double. ,i 
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6. kWhy is the prlcei of gasoline increasing steadily? 

/ U , — ^ ■■ ' . 

Do you expect the price to increase, decrease, or remain the same 
, in the future?, 

. : \ i » W ' * « 

Why? ^ . ^ _ 



7. The ultimate wortfd crude oil production is estimated to. be 1952. 

SB.' By 1972 we had consumed 261 BB, leaving a world reserve of 

' ■'. ■ 

1691 BB. The world consiin^tion rate in 1970 was 16.7 BB. As- 
sUming a zero growth rate,*how many. years will be ref^uired to 
consume the world's remaining reserves of oil? 

8. Can m realistically expect the world- consumption of oil to re-' 
main at a zero growth rate? Why or why not? 



The "developing third world nations" are demanding more oil to im-. 
prove their productivity and standard of living. ' If the world 
■ consun^tion growth rate is only 5% per year, in how many years 
could we expect the world reserve of 1691 BB to b# depleted? 

20 
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• Hint: Use ^ the follcwVig equation: 



where: ' k growth rate , 1970 
'R = remaining reserves 
r^ = product ion rate , 1970 



C0NCLUSI(»<S: 



1. 'How do production growth rat^ affect the lifetime 
sources? ' ' . 



s/of 



finite re- 
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• 2*. Some people say that "growth is good— bigger is better.* What^^o , 



you think about this statement? 



T 



Through "planned obsolescence" many manufacturers maintain high pro- 
duction rates. Should we outlaw "planned* obsolescence?" Why or why 



not? 



4. Except for the continuous input of sunlight,^ the human race rmist 
finish the trip with the supplies that were aboard when the "space- 
ship* earth" was launched. What impact does this statement have on 
the con^pt of recycling? : ; 



5. Many raw chemicals (used to make medicines, fertilizers, and plastics) 
are made from petroleum products.' Should we save our petroleum for 
^these important chemtcaU or use the oil for fuels? 
Why or why-not? 
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Is there any weakness in the argument that we «shmild pronrote ever- 
increastng rates of consunvtion of. re$(Mrrce^ -in the hope that soience 
and technology will rescue us froir tlie cSnsequences of doing so? 



1- 



What is of critical importance in/this' st^teriienti ••At>rrent levels, 
of output and recovery. Coal reserves can be expected to last more 

m 

than 500 years." . ^_ — : — ^ — — 

, \ . — 

With great challenges there also are great opportunities. Wh^t 
opportunities do you see for careers in science? 
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" TEACHE8'5 GUIDE . ' * , ' 

OBJECTIVE : .Students wilTundersta>dj the in^ct of the exponential growth 
rate of population on'the consumption of finij^ resour^s such as the * 
fo^il fuels, welter and food. . *. 

' BACKGROUND : * ' . " , 

1. On Finite Resources : Professor Albert A. Bartlett, Departmerrt- of 
Physics and Astrof^hysics, UniversiJy of Colorado has stated, "The question 
of how long our resources Will last is f^rhaps the most important question 
that can be asked in a moderk industrial society."' 

Modern industrial and technological develOfanent^ coupled with the 
voracious public appetite for the use of consumable resources enables us 
"to see the light at the end of the resource tunnel." The light, in this 
ca§a, means the end of thpse resources, for all practical purposes. 

The fossil fuels (coal. oil. gas) serve as the primary energy base « 

— ■ J 
for most of our industrial productivity. By practicing conservation 

' \ ■ - ■ . 
* techniques, we can prolong the use of but not prevent the exhaustion of 

these resources. 

2. Exponential Growth Rates of Human Populations : In very general 
terms, we may assurre the premise that a direct quantitative correlation 
exists between/ the number of people and the consumption of finite resources 
Since populaiion tends to grow exponentially, we can assume, therefore, 
that* finiy resources als<> will be depleted at an exponential rate.. 

3. Exponential Hath : The classic equation for exponential growth 
is: . N = Nj^e"^^ (1) ^ 



where N = tfje size of the quantity at tiiT« t, 

,N = the initial size of the quantity at time t =0 , 

0 . 6 • 

^ e = the base of natural logarithyms 71828), 
9 7 • • 



k = the fractional change'h'n the quantity, per ^iven time 
interval (the'Srowth rate) and ' . • 

t = time. ^ \ 

If the quantity doubles in size (N=2N ) j^urin^ an|an»unt of tint.tg. then 

• ' . 69 70 ~ 70 

and t« (the doubling time).= ^ ' 'WSk ' V ^ 

' * / 
where P is k^expressed as a percentage. 

If Equation (1) is applied to' resource production, integrated and solved 

for t. an. expression termed the exponential reserve index is obtained: 

(2) 



where t = the resc 



f ; 

resource expiration tin®; i.e., the time it 
win take' from t to'consume all of the resource, 
R = an estimate of ranaining reserves of the resource, 

* 

k = the fractional 'rate of growth.' 
r^ = the production rate at t=Oand 
In = the natimal logarithym. , 
4. Sunmarv Statanent : This activity is not intended to be an- "exhaustive 
•or comprehensive treatment of the subject of energy or resource consump- 
tion. Rather, 1t is intended to focus the student's atftention orr th? 

relationship between rates of population growth and resource consumption. 

t 

This relationship is having and will continue to have profound, impl ica- 
tions on all aspects of our lives. 

TIME REQUIRED : This activity can be accomplished in five-teacii.ing periods 
of 45 minutes each: 

MATERIALS :, ' 

* ' Regular graph pape/r ' 

jOO ml of- rice per pair of students 



3. . Ona 2^nn^5^ker/ojr.^ame per studfnt ^ y 
\ 4. '2 Ib^' of uiipopped ]»p<iorh (for 175 Students) " ^ 

' 5; ^ .6 liter tioWls .'^ * ' • * 

- . • ] . , . . • - . " 

6.' NQtebook paper * ^ ^ » . - , 

' . • ' • r -*V ' - • t r ' 

'» *' , ^' ■ ' - • ' 

Suggestion for popcorn '/conservation fSavje the coiainlng zero growth material 

.fer ^th«r classed. ^ * ^ " . \ ! * ' ' :^ 



S.U6GESTED FOLKH^UP ACTIVITIES: 



1. ^ConS;tr^ct exponential grovHh graphs for. -varying rates of growth. 

2. Repeat the above using semilog graph paper. ^ . / 

3. Show*and discuss other types' of exponential growth gral)hs using 
the gr|phs__9n the folT^lfig pages. ' 

1. the Poverty of Pqirer , /Sarry Comnoner, Knopf, Inc., 1978.1 

2. The Mah'Made tforld/ Polytechnic Institute of Brooklyn, ^te6^qw- 
Hill, 1971. ' ^ • i • ; 

"3. "The Forgotten Fjjnci^mlntals of tfie Ener^ Crisis'." by Dr. Albert 
A. Bartlett, Department'^tlf Physics and As troplfys ids. University 
of Col^rado't Bdulder, Coloradp.^^ * . 

4. "U.S. Energy Resources, A Rey^w as-of 1972; a National Fuels and 
Energy Policy Study, Serial 93-%0 (92-75)' Part I," by M.>J<ing 
Hubbert. U.S. Governn^nt Printing Office, Washington, D.C. 20402. 
$2.35, 267' pages. • . 



, / 



J 



19 



K 




\ 



Exponential Curve » y = ce (k negative) 



t 
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Exponential Curve, y = 1 - ce'^'^ (k negative) 
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#2. CALIBRATION OF- A THERMOCOUPLE ^ 
PURPOSE : To calibrate a thermocouple for convenient tanperature n«asure- 

~~ • ■ ^ • ' ■ t 

ments* • 

INTRODUCTION : Society has always needed some form of measurement to be 
able to trade goods and build cities. It becomes Increasingly important 
^at we adopt standard units to insure that everyone is talking about the 
same quantity., - *■ - 

Scientists have accepted the freezing ,point and the boiling point of 
water (at one atmosphere of pressure) as the two reproducible points for 
temperature measuren^nt,. You will be calibrating a thermocouple against 

these same reference points by cHimpari'ng the voltage output of *he thermo- 
couple against various water temperatures -as measured with a therflwmeter. 

Basically^a thermocouple is a device, conposed of two dissimilar 
metal wires joined at two potnts, which converts heat into electrical 
energy by virtue of the potential difference or electromotive force (EMF) 
between the two metals. 

This EMF is dependent upon teftiperature, allcMing us to use thermo- 
couples as temperature-sensing devices. 

MATERIALS : Thermocouple, millivolt meter, thermon«ter, 250 ml beaker, heat 
source, ice, ring stand and graph paper. 

PROCEDURE : , 

1. Prepare the ice-water bath by placing ice and, cold water in a 250 ml 
beaker. Stir to bring the tenperature down to 0°C. Assemble your 
^paratus as shown in Fig. 1. . 




Fig. 1 Apparatus , . 

* ■* 

Wait until the bath temperature is at 0°C b&fore taking ariy 
measurements. Record the voltage output at 0°C on your Data 
Sheet.- 

Begin heating the water bath and record both the water bath temp- 
erature and the voltage outpi^t* every minute, until the water boils 
Continue for two nrare minutes after the water boils. {Be sure to 
read both the voltage and water bath tanpera-ture simultaneously.) 
Construct a graph of voltage as a function of temperature. 
Determine the, slope of the line and uise a dotted line to extrapo- 
late the curve to 300°C. 
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DATA SHEET 



Time, Temperature Voltage 

in minutes { C) (mniivplts) 



0 






s 1 






1 : i 


; 

— ^ ■■- ■ • ^ 


r ' 


3 






4 






S ■ 






6 






' 7 




• 


8 ' 






. 9 






]0 






IT 


• 




12 






13 






14 






15 






16 


< 




17 




— 


18 


1 
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• 
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CALCULATIONS AND RESULTS : ' 
* 1. Graph the voltage on the "y" axis and the temperature on the "x" 
axis. 

2. Determine the. slope and record it here: ' 

{^at are the units for the slope?) 

3. Graphically, determine the voltage for the following temperatures 

0°C = (what units?) 

• 20°C = • 

50°C = , ' 
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ipo° c = 

150® C = 



300° C = 



24 



# (what units?). 



sure to label and save youi> graph for further use with this thermocouple. < 



QUESTIONS ; v ^ ' 

1. Give three reasons for the need for accurate oeasuring tools. 



2. Why are at least two points needed to calibrate a scay? 



^ ' 

3. What voltage .Corresponds to 75°C7 

4. What is th^ ^corresponding t^H^rature at 10 milliyoUs? — 

5. Is there *ny difference in the slope between 10° C and" 30° C and 

' / the slop6 between 80° C and 100 C? S , ■ ■ , — 

6. Using the slope, determine t^e voltage at 75° C? _^ , — _ 

7. What information can you obtain frcMB the slope? [ , — _ — 



8., What is one advantage of a therswcouple over a then«H»«ter? 

^ 



g. What is one advantages^ of a thenwsneter over a thermocouple? 



10. Where could a thermoiouple be used in your home? 
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\ N . TEACHER'S GUIDt 

, ■ -S^x. ■ . 

OBJECTIVE : The student will rV . ' 

1. Understand how to calrt^r^e^ thejrtnotouple using a water bath, a 
vol tmeter and a' thermonier^r ,i;> 

• V.;. •■■ N 

2. Record and ^raph tl>ie.data fi>V future use. 

3. Demonstrate an un^rstandlng o^f graph reading by determining the 
slope and extrapolating to 150° \( 302° F). * 

4. Show an awareness of measur^i^nt b^^i^cussing the concept of scale 
calibration. - ' 

BACKGRCHJND : Thennocpuples ^re a very convenient form of temperature measurer 
ment since their output can be nK)nitored with a millivolt filter, thus keeping 
system disturbance at a miniimjm. • • 

The operation of a thenm>couple is based on the fact that. a small electric 
current will flow betv^en two dissimilar metal wires if thflr junctions are main- 
tained at different temperatures. One junction, called the ref^renci^ Is normally 
kept at 0°C while the second, junction .serves as the- sensor. However, aft^cept- 
able results are available without maintaining the reference junction at 0- C . ' 
provided that the reference junction is always at the same tanperature for each 
use. 

This activity utilizes the me^r itself as the reference junction while 
also completing the circuit. The bJ|st thermocouple for classroom use is the 
copper-constantan (type T) since Itsj effective range Is -60°C tO'300°C. Its 
accuracy Is - .8° C up^to 100° C, Increasing to - 2.25°C at 300°C.^ One short- 
cfflning, however, is the rapid ox1dat'(on of copper at high -temperatures over 
400°C. 



^ Thermocouple Temperature ^teasuranen^ , P. A.' Kinzif, 1973, John Wiley & Sons, 
Inc., p. 122. , 

33 
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REQUIRED : 



1. One period for actual measurements. 

2. Two to three periods if the teacher wishes to include more about 
measurement and measuring skills. 

t.' 

MATERIALS (per group ) 

Thermocouple (see .suggestions for sources) ■- 
Millivolt meter " . - 

Water bath (with ice) 
ThemKMneter 
Heat source 
Ring stand and clamps 

SUGGESTIONS : The simplest method of thermocouple construction is to buy type T ' 
thermocouple wire available in any city or frm Instrument Service Co., at 4241 
Jason, Ctenver, Colorado at about 8^ per f(K)t. The second choice is to buy equal ' . 
guage copper and constantan wire or to try hardware stores' for either wire or 

theniKJcouples.'^ 

The joint can be twisted, but is better If soldered or clamped. 
This activity can be used as a replacement of the* traditional blank 
thermometer calibration lab . It can be practically applied in some of the solar enerc 
activities outlined in this manual. Additionally, iif can serve as a source of 
' discussion regarding measurement and graphing applications. 

SUGGESTIONS FOR FOLL(^-UP : The themrocouple is almost a requirement for solar 
lab activities as thertiKHneters need to be read by opening the system while 
thermocouples can be monitored without disturbing the system. Secondly, thenno- 
couples can read higher temperatures than the standard classroom thermometers 
can safely attain. 

3.1 » 
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The thermocouples produced in this activity can be used later in 
the following activities found in this manual:' 
Save That Ice, Activity #4 

The Insulating Qualities of* Various Fibers, Activity #5 

The Efficacy of Light Sources, Activity^ #9 

Constructing a Mpdel Greenhouse, Activity #13 ^ • 

Solar Energy Storage in Gravel, Activity #15^ 



^REFERENCES: 



1. Thermocouple Tanperature Measuregrent , P. A. Kinzie, 1973, John 
Wiley & $ons. Inc. 

2. The T heory and Properties of Thermocouple E lements, P.O. Pollock, 
1971, American Society for Testing and Materials. , 

3. Source: Instrument Service CoiT^)any, 4241 Jason, Denver, 
Colorado, (303) 458-7302. . ' ' 
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#3. A TIME. AND COST C(»<PARISON OF HEAT SOliRCES 



PURPOSE : In this experinffint. you will: 1) use several different heat sources 
to raise the temperature of a known quantity of water, 2) calculate the 
quantity of heat required to heat the water, 3) calculate the relative costs 
for using each of these fuels, and 4) correlate the experimental data with 
home heating data. ^ . 

iNTRODUCTION ; In pur technological society', obtain our energy from many 
different sources. In this country, homes are heated using a variety of. 
methods including .oil . natural gas. wood, electricity, and solar energy. 

This particular experiment will focus on the use of several fuels and 
a hot plate as heat sources^ Some of the fuels that will be used are pet- 
roleum based; e.g..^ propane, butane and paraffin. Other fuels are distilled 
' f ran wood products ; e.g., alcohol and sterno. You will experimentally de- 
"termine the cheapest method providing heat. Upon completion of the ex- 
periment, other considerations such as efficiency, pollution, and fuel avail- 
Ability will be discussed, 'it is important for all Ainer leans to understJind 
the implications of using a particular fuel . 

MATERIALS : (per team) ' ' • 

—71———— 

250 ml beaker 



1. 1 



Various heat sources including candles, Uerno. alcohol lamp, hot 
plate, propane torch 

Water 

Graduated cylinder, 100 ml 
Clock or watch with second hand 
Thermometer 
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PROCEDURE : For this experiment, you will be using several of the heat 
sources listed above. In order to compare the various heat sources, cal- 
culations t)f the amount of fuel must be done for each heat source. These 
calculations will vary depending on the heat source. Below, you will find 
the steps involved in calculating the airount of fuel used for each heat 
source.' 

1. Add .exactly ^200 grams of water to a 250 ml beaker. 

2. Record the temperature of the water in 'the data table. 

3. A. For sterno, alcohol lamp, proplane burner: Etetermine .the 

mass of the source before heating. 
B. For hot plate: Record the watt rating given on the hot 
, ' plate identification plate and turn the hot plate to the 

highest setting.' 
.4. Place the beaker just above the hottest part of the source. 

5. Record the starting time. 

6. Continue heating until the temperature has been raised* by exactly 

50^C. . 

7. Record the time when the desired temperature ha^ been reached. 

8.. Turn the heat source off. 

^. For sterno ,N alcohol lamp, propane burner: Determine the mass of 

the source after heating. 
10. Repeat 1-9 for each of the other heat sources. 
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DATA: 



Fuel * 


Starting 

Mac c ft 


Final 

t 


Starting 

1 • f V 


Final 


ouan ing 
Tin« 


Tirne 


Candle 












* 


Stemo 














Alcohol Lamp 








* 






Propane Burner 














Hot Plate 






— v»— 








1 Wattage Rating: 











FINAL RESULTS: 



Fuel 



B 

Units 
Used 



Cost/ Unit 



Cost tc Heat 
200 ral.H^O to 50°C 



E F 
Tinie 

Cost/Calorie Needed 



Candle* 


g • 


t/g - 




'Sterno 


9 


• i/g 


• 


Alcohol Lamp 


9 


i/9 


V 


Propane Burner 


g 


' i/9 


■ y' 


Hot Plate 


KWH 


i/m 





CALCULATION; 



A. Heat used'= (specific heat) (rtiass) (change in tmperature) = calories 
specific heat of water = 1 cal/grara °C 
mass of water used ^ 200 g 

^0 



change in temperature = 50 C 
heat used = dV^c^ ^^00 g) (50°C) = 

HEAT IN KILOCALORIES = ^g^^/] 



calories 



[1 



Kcal or Calories 



3S' 



I 
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B. Amount of "fuel" used = Mass before - Mass after = gfams 

< •' — 

for hot plate: (numter of watts) (ting in minutes) - KWH 

' , dodo w/kw) (60 min/hr) 

C. Obtain cost per unit from your instructor. 

D. Cost to heat 200 ml of water^SO^C: 

(cost per unit) x (number of units used) 
(C) • (B) . . 

c r«c*- r>ar> i,-n«/.ai«^-io - cost calcul atcd in D ' 

E. Cost per kilocalorie - ntflfcer of ki 1 oca tori e^ lFA 

F. Time needed = Ending Jim - Starting T1n« 



1 / 



A. 



CONCLUSION; 



QUESTIONS : 

1. Which heat source was the most expensive? 

least expensive? 

2. Which heat source was the fastest? 

the slowest? 



3.9 
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3. Other than time and cost, what other factors might be considered 

t 

in chooslftg a heat source? j ■ 

^ ■ f : 

4. Check with lo&l heatlAg contractors^ electric conqjanies and solar 

. installation companies in order to c«r^)lelie the chart below: 



Wm. HEATING S(X1RCES -UNITED STATES 



Unit 



No. of . 
Calories 
per Unit 



Cost per 
Unit 



Cost per 
Calorie 



Ihstallation 
of Equipment 
Average Home 



Pollution 
Level 



Oil 

4totural gas 
Wood ' 
Coal 

Electricity 
Solar 



gallon 

1000/ cubic ft 

cord 

ton 

l$iwh 

laiigiey 



36,000 
260,000 
5,300,0(M) 
6,200,000 
860 
1200 cal 



medium 
low 

high . 
high 

variable 
none 



m^/hr 



5. For each of the sources listed above* list the advantage and 
disadvantages, including any factors viffich are not included in 
the table. . 

\ , 

6. Nbw, the ehoice is yours. Make a list of your Jst, 2nd, 3rd, 

4th and 5th choices for heating systems. 



\ 
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TEACHER'S GUIDE 

OBJECTIVES : Upon completion of this activity, the student will be able to: 

1. Demonstrate proficiency in n^asurements of tanj^ratune and tiro^ in 
comparing heat sources. . . " ^ 

2. Understand the source of each of the fuels encountered. 

3. Make calculations of heat, amount of fuel consun^d, cost of each 
heating source, and co$t per calorie .of heat delivered. 

4.. List several factors in choosing a fuel. 

5. Ltst five common ,n»thods of heating a building. 

6. Research current pricfes for both installation and fuel, "and make 
calculations necessary to conpare the ntethods of heating. 

7. Malce an educated- judg^nt as to the type of heating system most 

appropriate for his (her) needs. 

■ ■ ■ ' . *• • 

BACKGROUND : Most students have heard about the different methods of heating 
a house or building. In this activity, they will be able, to directly ob- 
serve the efficiency of various laljoratory heat sources and relate the know- 
ledge to actui^ heating systems in buildings. This particular activity could 
be used in a variety of scientific disciplines: the physics teacher could 
implement the 'activity when discussing energy and heat; the chemistry teacher 
could use it'wh^n specific heat^is studied. Alt would be best utiliz^l after 
students have had some background in fuel production and use. 

TIME REQUIRED : 1 laboratory period for data collection ^' 

^ 2^ regular class periods for calculation and discussion 
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MATERIALS (per group) : ^eat sources can be rotated so that w a xlass of 30 
students working in groups of 2. you would need 3 of each heat source. 

candles 

sterno' cans ' 
alcohol lan^s » ^ 

propane burner (stove). 



3 
3 
3 
3 
.3 
15 
15 
t 



hot pTates 

beakers 

thermometers 

clock with second hand 



SA^«»LE JJATA: 


15 


- graduated cylinder^ 






« 

Fuel 


Units 
Used 


Cost Per 
Unit 


Cost to 
Heat 200 ml 
HgO 50°C 


« 

Cost/KCALV 


Time 
Needed 
(min). 


Sterno 

Alcohol Lamp 

Propane. 

Butane 

Hot Plate 
(750 watt) 


'. 6.4 g 
4.4 g 

5,,3;g 
. .083 Kwh 


.?U/g. 

5.5i/g 
.37i/g 
.78(t/g 

4.4^/Kwh 


3.17^ 

4..12i - — 
.Z7i 


.317^ 
3.52^ 

' .412(t " 
.037^ 

r 


7.6 
8.2 
5.3 
3.5 
6.7 



SUGeESTIONS : - * 

1. Caution students in the proper use of all heat sources. - Safety 
goggles nuist be worn. Exercise care with hot beakers. 
* 2. Other heat sources:, such as a frunsen burner or butane c#mp stove 
could be sufcrstitut6d.or added. 

3. In calculatir\g the mass of fuel used for sterno, alcohol lamp, and 
propane stove, it is important to subtract the mass, of the container 
when calculating the cost per gram. 

4. Have ready a quantity of water at room temperature. 



erJc ' 
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SUGGESTED FOLLDW-UP ACTIVITIES: 



1. Discuss the use of fuels in producing electricity. 

2. Dononstrate the use of the sun's energy for heating water. . 

•i . ■ . . 

3. Discuss heat loss in houses and n^thods for reducing fuel con- 

f 

sumption. 

4. Demonstrate the use of fuels in transportation. 



REFERENCES: 



Energy - Envirorenent Source Book , John Fowler, 1975; by National 
Science Teachers Association. 

Energy - Environmefnt Mini -Unit Guide , Stephen Smith, et al., 1975., 
by National Science Teachers Association. 
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H. ,SAVE THAT ICE 
PURPOSE : In this activity you win : 

, 1. Evaluate the' cranparative value of the insulating .ability of 

several different materials. 

2. Calculate the heat loss (or gain> in Btu's. 

3. Itetermine the R factor of your insulating material. . 

4. Propose a revision to the activity so that you can make the 
ice >ast 10% longer thafl your fifst attanpt. 

INTROIHJCTION : Whether you are trying to keep heat out of a container or 
keep it in, the probleni is still the same - hpv can yoa resist the trans- 
fer of heat frran the hot region to the cooler one. The naterial that you 
use will accomplish this in varying degrees depending on Its ability to 
resist that flow. This is known as the R-value of the insulating material, 
with the higher number indicating a greater insulating ability. 

Your problem in this activity is to use any one material commonly 
available to you to wrap a known quantity, of ice so that tl^e least amount 
of ice will have melted in 24 hours. You will determine the percentage of. 
ice lost to melting, and will compare the relative values of insulating 
properties of each of the substances used by the various teams in your class 
In addition, you will calculate the anwunt of heat energy transferred into 
your ice "package". 

e 

« 

MATERIALS (per group ) 

2 - styrofoam cups or 1/2 pint milk cartons 

Balance * 
Insulating materials (your choice) 
Thermometer (-10 to 120° C) 
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PRPCEDURE: . . . 

Day I: ^ 

1. Determine the mass of a styrofoam cup (or milk carton). Fill it 

with water and find the nass of water and container. Record in 

» ■ 

appropriate space ort Data Sheet. 

2. Determine and record the mass of the water (Data Sheet, #3). 

3. Collect . the insulating material that you will lise. 

4. Overnight, freeze the container of water*. 
Day 2: • 

5. In the next class period, renwve ice fran freezer and wrap it in 

ft 

your insulating material (not to exceed 2 feet in circumference 
V along any of its three axes. 

6. Label your team's package and place it tn thi ^SiWe location as all 
the others as directed by the teacher. 

Day 3: • 

7. During the next class period, unwrap the container of ice, being 
careful not to spill any melt" water. 

8. Determine the temperature of the melt water. (Data Sheet, #4) 

9. Quickly determine the mass of the renaining ice and record. Sub- 
tract to find the mass of melt water. (Data Sheet, #5, 6 & 7) 

10. Calculate the nimiber of calories absorbed by the ice. This is the 

energy necessary to melt that mass of ice. 
n. Determine the number of calories of heat that was used only in 

warming the water (#11). 
12, Determine the total amount of heat energy absorbed by this system 
(#9 and #11). 

33. Determine by calculation the number of Btu's of energy £o m61t 
the ice (#13). (1 Btu = 252 calories) 
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DATA 



D«y 1: 



Day 2: 



.T. Mass of container 

2. Mass of container and water 

3". Mass of water (#2 #1)' 

T ■ 

4. Temperature of melted water 

5. Mass of water after 24 hours 

(pour off into a separate container) 

6. ^tes5 of ice at end of 24 hours - ' 

7. Mass of ice that melted (see #5) 

8. Percent of ice that renained after 
24 hours (#6/#3 x 100) 

9. Mumber of calories of heat absorbed 

by the ice '(each gram of ice that 

melts absorbs 80 calories of heat) 

( 80 cal ) X #7 
9 

10. Temperature rise of melt water at end of 
24 hours (Final temperature #4 - 0°C) 

11. Number of calories of heat absorbed by 
the melt water (#5 x #10) / 

12. Total aimHjnt of energy absorbed by the 
nelting of the- ice and warm«ing of the 
melt water (#9 + #11) 

13; Number of Btu's absdrbed 

(#12 X 1 Btu 

252 calories) 



9 
9 



9 
9 
9 

% 



calories 



calories 



calories 



Btu's 
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CONCLUSIONS AND QUESTIONS ; 

.1. Of a11 the projects done In class, which insulating material al- 
lowed the least amount of ice to melt? 



2. What experimental errors might have been encountered in this activity? 




3. How would you change this activity so that your remaining ice will 
^ be at least 10% larger? ' ^H^. 

_ * • 

4. Rank in order from the mo$t expensive to the least expensive, the 
relative cost of each of the materials. ■ 

5. Compared to the relative cost of each, which material t<K)uld be the 
most economical to use considering its insulating value? 



6. If you, were t^lace any of these Insulating materials in your 
house, what problems might you encounter? 



7. Do any of the^ materials suggest difficulty in installation? 
Consider labor costs in installing each of the materials. How 

» • 

does this affect the overall cost of insulating your hofne? 
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TEACHER'S GUIDE 

N 

OBJECTIVES : After c^let^r^g this activity the students win be able to: 

* 

1. Conpare the relative, value of th^ various types /)f Insulating 
materials. ♦ . 

2. Discuss Insulating materials In -terms of Rvalue. 

BACKGROUND ; Heat flow depends on area, X\m^ thickness and temperature 
difference. The flow of heat occurs only when^^ there is a tenperature dif- 
ference (the "driving force"). Regardless of hoii rmjch insulation you use, 
there will be no heat lost or gained if the Inside temperature is the same 
as the outside temperature. The greater the differenci^' IKtenperature. 
the greater is the heat flow. The direction of heat flow ov^|ransfer is 
always from the warmer side to the cooler side. 



lined 
rs" 



The resistance to heat flow of a i^terial, the R- factor, is di 
by laboratory testing. The test results are expressed usually as "U 
rather than R-factors. A U-value is the transmission rate of a materiaf':fiix- 
pressed as the rate of flow (British Thermal Unfts, Btu) per square foot of 



"area, per stated thickness, per hour of time subject to a temperature differ- 
ence. This is often stated as Btu/hr/ft^/°F for specific thickness. Rather 
than writing Btu/hr/ft^/°F every time, the symbol U is used to express this 
value. The resistance to this flow rate is expressed as R, which is equij^l 
to, 1/U. 

One Btu the amount of heat energy required to raise the temperature 
of one pound of water one degree F. All furnaces and air-conditioners are 
rated in terms of Btu's. ^ ' 
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TIME REQUIRED : 

4 class periods v 

1 - planning of approach and assigning' of groups 
1 - preparing 'insulating package 

1 - measuring and recording data * . 
1 - discussion and comparative evaluation 

MATERIALS (per group ): 

■ * 

2 - water containers (1/2 pirit milk cartons or large styrofoam cups) 
1 - freezer ^ 
1 - thermoneter 

6 - balances (several gro^s could ^hare) • . 

SUGGESTIONS :. 

1. Avoid starting the activity such that the melting, process will 
occur over a weekend or holiday. Twenty- four hours is about the 
limit to expect ice to last except under the mfft ideal conditions. 

2. Have each team or group summarize its data and type of insulating 

material ^used on the board so\hat the rest of the class ^an arrtye 

at conclusions. 
« 

3. Suggested insulating materials: 

. ' a. spun fiberglass, * 

b. styrofoam sheets ^ 

c. Cellulose fiber (shredded newspapers) 

d. urethane foam 

■ . . - 

e. rock wool 

f . wood shavings 

All 6f these may have varying thickness and density of .packing. 
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4. Cwnpare the R- value ratings of the various materials to their costs. 
A local lumter yard can give you current prices. Whicj^ material 

Is the least expensive for a given R -value? 

5. Experience has shown that using larger blocks of ice and having In- 
sulating material on hand makes for a more successful experience. 

SUGGESTED FOLimf-UP ACTIVITIES : 

1. Have- the entire class discuss the ideas elicited by Quesjiion #3. 
Have a group carry it out to quantify any Improvements. 

m 

2. Discuss how retarding heat flow from our homes during the winter 
or into our h(ms during the sunmer is a ceal-world application of 
the principles demonstrated In this activity. 

SAMPLE DATA : 

— ■ # 

14 g 



250 . g 

236 g 
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U Wass of container 

2. Mass of container and water 

3. Mass of water (#2 - #1) 

4. Temperature of melted water A 

5. Mass of water after 24 hours 

(pour off into a separate container) ZOO g 

6. Mass of Ice at end of 24 hours 36 g 

7. Mass of ice that melted (see #5) , 200_ _g ' 

8. Percent of ice that ranained afterf24 _ ' 
hours (#5/#3 x 100) - ^ — lli25 — % 

.9. Number of calories of heat absorbed 

by the ice (each gram of ice that ^ , . 

^Us absorbs 80 Ealories of heat) 16^000 .calories 

(8 0 cal ) X # 7 

g ^ ' 

'10. Temperature rise of melt water at end 

of 24 hours no on ro 

assimie T^=0°C. Tg^S^C. Tg-T^-SC® 8-0 ^ _ 

V 50 
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* 

11. NumbBF of calories of heat absorbed ,4 

^ by the wat^er { #5 x #10) , ^t^Q calories 

12. Total- amount of energy absorbed . 

by the melting of the ice and 17.600 calories 

heating of the -water (#9 + #11) 

(If - 1^ =^ 0°C then 16,000 + 0 = 16,000 calories) 

13. Number of Btu's absorbed 69.8 Btu's 
RBTERENCE : ^ 

• . ♦ ■ ■ 

Solar Experiments for High School and College Students , Norton, Hunter 
and Cheng. 1977 Rodale Press, p. 16. ^ 

A 

NOTES : 

Latent heat of "fusion - 80 calories per gram. 

80 calories of heat energy are required to melt 1 gram of ice to 
water af 0 °C. ^ > _ 

,1 Btu = 252 gram-calorie# 




.51 
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#5. THE INSULATING QUALITIES OF VARIOUS FIBERS 

PURPOSE ; The student will perfonn an experiment to collect data on the . . - - 
insulating capability of various cloth fibers used in clothing manufacture. 

» 

INTRODUCTI(a< : One of the ways that man 'has protected himself f rem the forces 
of nature is through the use of proper clothing. He has learned to use the 
correct type of ^^ bet" or,, in sane cases, combinations of fibers to reduce the 
rapid loss of»his body heat. 

The purpose of the clothing we wear is to reduce heat loss to a reason- 
able level in order that can remain comfortable under most weather con- 
ditions. Generally, the body's heat is lost by the three methods of heat 
transfer: convection, conduction, and/or radiation. ' Convection is heat trans- 
fer via moving fluids; conduction Involves loss of . heat through molecular 
motiort insolids, and radiation is the transfer of heat via electromagnetic 
waves frran a sijjjrce thrpugh a separating medium. , 

We will determirt^n the following activity why certain types of cloth- 
ing se^ to keep' us more ccsnfortable in cold conditions than others. 

MATERIALS : Several pieces of cloth (various weights of wool, cotton, nylon 

-shel^f, down)^. -Two "heat" boxes/student group, thermocouple or thermometer 

for each "heat" box, source of wind (fan), wind guage (hand held). See Figure 1 



CLOTH COVERED 
OPENING- 



THCfWOMETCft 




Figure 1. Apparatus 



HEATSOUf^E- 
100 WATT LIGHT 
BUM 
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Two heat boxes are needed so that the one without the wind passing over 
it would be the "control". \ 

PROCEDURE : . . . - 

1. The heat boxes should be set up to begin generating beat at the 
start of the class period with the cloth removed to all©* time for 
heat to accurmilate and the temperature to stabilize in the boxes. 

2. Place a piece pf the setected material over the open sides of bo^^n 
heat boxes (masking l^ape should -work well for this), completely 
covering the opening. . 

3. Direct a steady flbw of air at the test cloth fr«n a fan. 

4. Begin 1 minute observations of temperature change, t^cording results 
in the data table. 

DATA : In the following data table record the type of cloth being tested, 

the -time and the heat box temper^ure. Continue the experinwnt, taking temper- 

ature readings each minute for approximately 20 minutes. 

^ DATA TABLE 



Cloth Sample 



Time, minutes 



Temperature of Heat Box, C 



0 


• 


1 


f ■ 


2 




3 




4 




5. 




6 


• 


7 





53 
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DATA TABLE (Continued) 



Cloth Sample 



f 



Time, minutes 



Tanperature of Heat Box- 



Q 
O 






L _ ■ . _ _ i. . , 


lu 




\ \ • 


f 

• *• 


15 ^ 




1 J 




14 

1 H 




15' 


/ ^ 


16 




17 




18 




19 




20 





CALCULATIONS AND RESULTS ; < 

1. From your dfita plot a graph of temperature as a'function of time. 

2. Determine the slope of the line on your graph; i.e.", find the 



number of degrees change in tempera^ture per minute of "exposure." 
3. Compare your, results with those oil students who used diff#-ent 



samples of cloth. 



CONCLUSIONS AND QUESTIONS ; ^Jse class data t6" answer the following: 

1. Which fibfer has the highest' insulatihg property in this experV_ 
ment?* . . 

2. Can you suggest why son« fibers are used in cwnbi nation with 
other fibers? 4 
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Which of th"e natural fibers <wool or .cotton) would|you prefer for 
winter clothing? 

Can you think of weather conditions that wou^d a.lter the insula- 
ting qualities of tloth fibers? Explain. 



. i 
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/* ' TEACHER'S GUIDE 

. OBJECTIVE : Students will learn how to determ'ine what effect various 

clothing has on retarding the loss of body heat. 

♦ ' ' ' ' . 

BACtCSROUND : This activity is designed to illustrate the resistance of 

clothing material to heat transfer. 

Building insulation (or R-factor) is discussed in another Activity 

in this manual, but the purpose of this activity^is, to aquaint students 

with some of the principles of hea^ energy conservation even , though iT ^ 

. is dealing with heat conservation in the human body and^not a building 

or-fiomfe. . * I - 

• . ■ i ■ ' 

i 

time' REQUIRED : This activity should take no more than two class periods. 
One period may be required to gather the data. '» ' 

■ ■ . : I-.,'. - -l, ■ 

MATERIALS (per class or group ): The teacher has the option of demonstra-' 
ting this activity or assigning it to student groups. The materials re- 
quired are: two "heat boxes/^roup; thermocouple^ or thermometer; card- 
board box; wind guage; wind" ^urce (fan). One or two fans.^ill probably 
* accommodate all of the students' test boxes-. ' Suggested samples of cloth , 
to use are wool, cotton, nylon, other natural and man-made fibers. 
, . The use of "down" (.a combination of fibers) can lead to a discussion 

of proper "layering" of clothes. Wool may also vary as to weight and - ^ 
tightness of weave. • 

/ SUGGESTIONS: This activity is appropriate for Independent stud^in the 

. — . _ ^ . ^ 

following classes: energy, meterology, hwne economics, physics, earth 
science and biolojgy. You may wish to check an ASHRAE manual for further 
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studies on values of clothing Insulation. 

..to ^. " . 

m 

FOLU)W-UP : A irelat^ activity Involves the use of the following equation 
to detennine wind chill: 

H = (0.14 ^0.47 v^/^) (3a.5 - T). where ' 
H is the wind chill factor, v is the velocity of wind in m/sec and T is 
the ambient temperature in °C. * 

You may also wish to define Clo units for your classes. These units 
are used by the clothing industry and engineers % determine canfort un- 
der varying environmental conditions—particularly wind speed and hipldlty. 
One Clo is defined as the amount of insulation necessary to maintain com- 
fort and mean skin temperature at 92°F in a room- at 70°F with air move- 
ment not over 10 ft/m1n,' humidity not over 50% {rretat)olism of 50 calories/ 
square meter/hour). 

REFERENCES : ASHRAE Manual 1977 . American Socyety of Heading, Refrigeija- 
ting and Air Conditioning Engineers. - 
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#6. HOME HEAT LOSS STUDY 

PURPOSE : You will learn the concepts of heat flow and infiltration and 
will gain a practical knowledge about heat transfer in hones and their 
construction. 

♦ 

INTRODUCTION : Most excjting about this activity is its potential for 

studying heat flow in your own house. We will study 'an example of a ^ 

2 

1000 ft , two-story house to observe what effects various construction 

materials and bu,il<iing techniques have on its thermal properties. 

. % 

This activity is based on the derived expression for conductive 
heat loss: • 

q, = kA^ (1) 

where Is the rate of heat transfer in CBtuh), > 
k is the thermal conductivity of the surface naterial in 

Btu - in . Btu - ft . ^ - 

A y—- or K^r- , * 

hr.ft'^^F ^ hr-ft'^^F 

2 ■ 
' A is the area of the surface in ft , 

At is th€f temperature difference across the surface in ?F and 

w is the surface thickness in feet or inches. • 

,,> , » 

In the process of using Eq*(l), we will b6 irrtroduced to thermal conducti- 
vity, R- and U-values and the calculatiof^s of area for the house. 

We will also stifdy infiltration, using the^density and specific heat 
of air» the number of air changes per hour, the volume of air in the house 
and the inside and outside design temperatures. ^ 

MATERIALS ; , 

A 4K computer, programmed in BASIC 
Graph paper 



5S 

Activity sheet 
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PROCEfDURE: 



Choose* 



T. Choose* the house transmission area, you wish to study: floors, 
ceilings, walls, wall on buffer space, windows and doors. 

2. Brainstorm for various types of constructions for your trans- 
mission area. (See Appendix Q 

3. List 5 or irore different types of constructions fqr your trans- 
mission area. 

4. Draw or describe each type of construction. 

5. Input construction materials, and theip R-values (or their k-values 
and ttieir thicknesses). (See A^endix C) , 

6. Get heat flow results in Btu/hr for each transmission area. 

7. Get heat flow in Btu/hr for total house. 

8. Find the gain or loss in Btu/hr for your change. 



DATA: 



9 A 



Transmission Area , ._ ♦ 

• : ». 

Construction #1 

Layers of Materials R-value 

1. ^ ' 

' 2. . , ; 

3. ' • ' / 

4. ? . . .\ ■ 

5. 

6. 

8. 



Total R-value 



er|c. ' 5^^ 
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Construction #2 



Layers of MaterfaTs R-va^"e 



. 1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



Total R- value 
Construction #3 



Layers of Materials 

1. _ 

2. _ 

3. _ 
4, 



■ 1 

5. 



. — . . ^ 

^' • 1. - . , 

7. ■ • .. 

8. 
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Total R- value 
Construction #4» 
Layers Of Materials * 

1. _„ ^ . 

2. 

3. - 

4. : 

5. . ^ 

6. ' 

d Total R-value 



/ 
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Construction #5 . 

Layers of Materials ' ' R-va1ue 

1. '_ 

2 

• _^ _ _ _ _ -r I I ----- - ' X - - - ' 

3. • 

. L^^ ^ . — . ^ 

4. , '_ 

5. • _' 

6. ^ 1_ 

7. ^_ 

8. • ' ■ 

— i 

' • . Total R-value , . 

Construction #6 
Layers of Materials *■ . 

1 . 

>2. 

3. . 

4. . ^ 

5. . 

6. 

— --^ — - 

8. _ ^ . 

Total R-value 



Cpnstruotion #7 

Layers of Materials 

1. 

2. 

3. 

4. . 

- ■ ■ . ■ ■ ^ 

5. : 

6. 

7. ^_ 

8. 



Total R-value 
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Construction 18 



Layers of Materials 
1. 



R- value 



2. 

3. 
4. 

5., 

B. 

7. 

-8. 



• ; 



< Total R- value 
Table of Results 



Total R-value 
Run # of Area 



Area Heat 



Total Heat 
Loss (Btu/hr) 



Difference in 
Gain or Loss 



Control 










1 










* 2 


f 








3 










4 










5 










6 








f 


7 










8 








..1 . , . 



QUESTIONS ; ' >• 
1. Which transmission area shows the lowest total heat loss? ^_ 



2. Your transmission area contributed what per cent of the total heat 
loss of the house, in control run- %. With your optimal 
"construction": %. 

3. If natural gas costs $1.50 per miflion Btu's in Denver, how much 
would one pay per day with the original system? $ The new 

■ 

system? $ How much is saved? $ . 
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4. What Is the relationship between heat flow ahd 1?-value?. 



1^ 



Between heat' flow and construction materials? 



5. What factors would influence your choice of construction mitefials ' 
for a new house? . . ^ • 



6. How could you change your existing house to reflect these conclusions? 



' , \ 
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TUywER'S GUIDE . ■ . > ' / 

OBJECTIVES: Studeiits wi 11 : , k - 

1. Gain a practical kno^Vedg^ of a "house's thermal^ysteHi. 

2. Study the deHji^e^ expressions for heat'flow and Infiltration. ^ 

3. Make a graph o{ heat Ijos? as a function of R-value. 
- 4^ List ways to decrease heat loss. ' 

5. ' Use the canputer to gathfer data. . > 

BACKGROUND : To analyze a hour's heat l^s, one nnlst use several concepts 

9 

such as conductive, convective^ and radiative heat flow. Only heat loss by 
conduction, the transfer of heat through st>lid materials. Is considered in • ■ 

this activity. ' ^ ^ .> 

If given a surface which separates two spaces having di f f«renraTr\ ; 
temperatures, heat will flow (be conducted) through the surface from the 
warmer to the colder space. Conductive heat transfer Is described by EC^ (1): 



q. = ^AT (1) 



\ w 

where q^^ is the rate of heat transfer in --^ fBtuh), 

k is the thermal conductivity of the surfaiSe material in 

Btu in. Btu-- ft . 
- .hr.ft^°F hr.ft^°F 

t 

A' is the area; of the" surface in ft , ■ ' 



i6T is the temperature difference across the |urface in^^^and 
w is the surface thickness in feet or inches, / - 

EQ (1) indicates that qj^ is directly proportional to^the thermal con- 
ductivity, the surface area and the tempera tuVe difference; It "is inversely 
proportional to the material's thickness. 

In general, the rate at which most physical processes occur is directly 
proportional to a "driving" potential and inversely proportional to a resistance 



' In conductive heat transfer, the "driving" potential is the temperature 
difference; therefore, by EQ (1) , the thermal resistance, \, of the sur- 
face nujst be ■ 

artd EQ (1) can be rewritten as 
^ ^'k ■ (3) 

However, most tables listing thermal properties of constr:uction materials 

and insulation do so in terms of one or irwre of the follcw/ing: 

Btu - in. 
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a) the thermal conductivity, k, ia j~^^2o^ ; 

b) the reciprocal of the thermal conductivity, ^ in 

hr ft2°F ; ^ 
Btu - in. 



z) the* "R- value" for one ft^ of material of a given thickness, w. 



hr ft^°F ; 
^" Btu ■ 



- 1 , in Btu — 
d) the thermal conductance, C = j^.^g^^e 



Using the units f^r k and w, it can be shown that ^ = R-value for one 

V 

ft and a given thickness of niateriatl: 

_ hr ft = R-value 



in _ 

Btu 



Btu - in . 
^ hr.ft^.°F 

» ^ J 

Substitution of R-value for ^ into EQ '(2) yields 



n R -value , 
^s 



and substitutior^of R^ into Ep (3) gives 

(for a surface) = ^_J^^^. xaT x A (4) 

Since C = . • . 
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qj^ (for a surface) « C xAT x A (5) 
(The reader should verify that the units do check.) 

Depending on how thermal infonwtlon is tabled. Equations (1). (4) 
and (5) will yield the same rate of heat flow (within rounding errors) 
through a surface ct^posed of one material With a thickness, w. and area, A. 

h'r'^ aiven heat barrier (wall, floor, ceiling, etc.) composed of two 
or more layers of building materials, it is necessary to* define U," the 
overall coefficient of heat transmission (commonly called .theU -value) f6r 
n-layers of materials: 

. (6) 



where R, = R, + + + R is ^he total thermal resistance for the 

T 1 c n ^ 

multi -layered surface, and R^^ Rg ....R^are the resistances of layer^, 
layer2....1ayerj^. . 

The heat loss (or g^ia) through the nwlti -layered barrier is then ex- 
pressed by 

q. = U xAX X A (7) ' . • 

t K -T- — ^ 



It can be seen from EQ (6) that the higher the U-value, the lower the ther- 
mal insulating value of the composite surface. 

Appropriate units for U are Btu . 

ft^ hr°F V 

EXAMPLE 1 : Using Equations (1), W and (5), determine qj^ for a wall 

r 

(30 ft X 8 ft) of 4-inch face brick with inside and outside temperatures 

of 65°F and +10°F, respectively, (k for. face brick is ^ ^^^{q ) 

hr ft F 

^Neglect air films ^nd wind. -Are your answers the san» (within rounding 
error)? " * 
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SOLUTION: 



a) By EQ (1): q,^ - ^ x A x AT 



9 Btu in . . 1 



X 240 ft X 55"F = 



Oc _ 29,700 Btu 



hr 



b) By EQ {2): q,, = x AxAT 



R-value = r: x w = 



.2 0, 



\ 



1 



Btu - 1n. 
4ir ft^ °F 



x4 1n.V '^\;- r; .^ x4 1n.= 



.444 



hr ft^ °F 



Btu 



V" .444 



Btu 



hr ft^ °F 



X 240 ft2 X 55°F = 29]^^ 



c) By EQ (5): Qj^ = C x A x AT 

1 _ 1 



Since C = 
= 2.252 



R-vaTue 
Btu 



... = 2.252 - 
•^^4 . hrft 



Btu 

. th^n 



hr ft 



ccOc 29,700 Btu 
.x 240 ft X 55 F = — « ^ 



EXAMPLE 2 : Determine U and q. for a cfer^josite "wall" '(10' x 10') made,of 

3/4 1n(?h plywood backed by 2. Inches of blanket/batt insulation., Inside and 

outside temperatures are 65°F and -10°F, respectively. 

SOtUTION^ ; From Tables: - ' ^ 

Btu - in. ' ' 



k for plywood Is .802 



hTft^F 



" hr ft^ °F 
1 for blanket/batts is 3.5 g^u - in ' 

k . . ' 

R-value for plywood of this thickness is 

A \ 1 1 hr ft^ °F ,c • o-jc i't^ °F 

R-value = ^ x w ^^g^^ gtu - in . '^^ = '^^^ 



Btu 



R-value blanket/batt insulation of given thickness is: 

D 1 '1 o c hr ft^ °^ ^.o . hr ft^ °F 

R-value = x w = 3.5 bHT^. ^ ^ " ^ . Btu 



By EQ (6) 



U = 



1 
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. ^ , .126 B€ti . 



By EQ (7) • q. U xAT 

..^^^ q. = .126 ^^V o X 100 ft^ X 75°F 

^ hr ft"^ °F . • • 

_ 945.2 Btu * * ^ 



% — F 



Another exfJression used in the^ctw^uter progrim relates to i ftf i 1 tpaUori 
Infiltration is expressed by EQ (8):' / . ■ 



q^ = V . a^ • p • -AJ (8) 



where q. = rate of heat loss due to infiltration 

1 o 

^ ■ ■ • • -3 ' • • 

V =*vo,lume of air in the house, ft . ,' 

\ ' ■ 

a^ = air changes in the house per hour, usually betwgff .5 and 1.5; ^ 

(.7 used in the program) . *V 

* / 3 

^ p =. the density of air (lb/ft ) 

C =. the specific heat of air (Btu/lb°F) 
At ' difference In' temperature between inside and outside, F v. 

4 ■ . . * 

Example : ' ~ ' 

~ ^- ■ ' _ . ■ , ■". ' 

For a house ^ith 1000 sq. ft.' aM 8 ft', ceilings, determine the heat 

required to maintain an inside air temperature of 6£ F with an outside ^"^ 

temperature^of 15°F; p= .075 Tbs/ft^ * o ' 



4j' 

t4 



v^i ;.^H • ^a -'p-^^ ••■'^ \. ^ ' ' 

. ' = 8000 ft\- .7 changes/hr •;.24 &tu/lb°F • .075 lbs/ft^ • 5oV 

■■ • • • ■ * 

• =, §04b..Btu/h or Btuh • . , 

• - * * 

TIME, REQUIRED ; One to two hours, depending on availability of computers- 
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^ MATERIALS: 
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\j Activity sheet •• 

*■ • , • ■ ■ ■ * 

Computer - - ' " . 

."Graph papef * *• . 

SUGGESTIONS: Students working in groups of two or three is suggested, 
.allowing more construction combinations to be used. Encourage wall construe- 
. tions of cement block, cement form, brick and v^od siding; for ceilings: 
glass fiber, rock wool, cellulose fiber; for floors: wood with and without* 
insulation underneath, carpet, tiles;, for windows: with stowi windows, 
double-paned, triplerpan^d;*for doors: with and without storm doars.. , 

• It is suggftsted that you group your students to share their data with 
others so that they'may see the relative importance of their results in respect 
to the tbtal hou?e. > . 

in the computer program there may be tw) sources o'f di^fix^ulty. with your 
BASIC system. On line 710 two .4. ET stat^nents are combined on one line wtth 
, a colon. If you'cafi't ijse the colons, use 710 CET R = R(9)^ 715 LET R{1) = 

f?(9) as substitutes. I-n a few lines the LET statement in an equation has been 
^ omitted. * For l^nes 202. 280. 315, 689. and 695 j'ou may add them if necessary. 
Also lines 750 to 830 may be a problem in iswne systems. The logic 
.would require two additional statements for each IF THEN. 
EXAMPLE : . ' 

750 IF I 1 -THEN A = Wl + W2 W3 = W9 - 01 - 02 - 03 , 
You should subsritute: ; ■ . ' 

jSO if- I = 1 THEN 831 

831 LET A = Wl + W2 - W3 -'W9*- Dl - 02 - 03 • 

832 GO TO 840 ^ , ' 
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CMb" Temp: 

oiftttdt 6S°r . 
Infiltratiofi ftat*: o.7/hr. 



w/aMrm wrinddm 
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V FLOOR PLAN FOR STANDARD RUN HWSE 

Walls:' brick veneer 4", wocrSheathIng 3/4"; stud wall with 

fiberglass insulation 1-1/2" and wallboard 1/2". R = 11-72 
2nd fl DOT*' ceiling wallboard and fiberglass ball insulation (6") 
1st floor floor hardwood flooring 1/2" on plywood subflooring 3/4" ' 



(uninsulated) 



Fig. 1 




SAMPLf DATA 



RANSMISSION AREA 



1^^ Floor 



Layers of inater^ls 

1. Hardwood flooring .l/2'l 

2. Plyvfood subflooring 3/4" 



TRANSMISSION AREA Ceiling 

Layers of materials 
1. Wallboard 1" 
2". Fiberglass batt 5" 

TRANSMISSION AREA Walls 



TOTAL R-valuSs 



R-values 

.93 
1.41 



TOTAL R- values 



Layers of materials 

1. Brick veneer 4" 

2. Wood sheathing 3/4" 

3. Studwall with fiberglass insulation 3 1/2" 
^ 4. i^llboard 1/2" 



4^ 



TOTAL R- values 



TRANSMISSION AREA Windows 



Layers of materials 

1. Windows with storm windows 



TRANSMISSION AREA Door 



TOTAL R- values 



Laj^rs of materials 
1. Single doors 



TRANSMISSION AREA French Doors 



TOTAL R- values 



.45 



16.67 



17.12 



5.99 



.93 



n.83 



,23 



18.98 



2.00 



2.00 



1.96 
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1.96 



Layers of materials 
1. French' doors 



1.18 



TOTAL R-values 



1.18 
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I start) 



. READ 
CONSTANTS 
(Surface area 
atfxJ infiltrationl 






DIFINE 
Q AND 
INFILTWCilON 




• 


READ 
CONSTANTS 
(R- VALUE) 






*C STU 


ciT^N. 

DY J> 






INPUT 
LAYERS ( 

. L 






INPUT . 
THICKNESS 
K Conductivity 






,R Value= 

R + R 
value new 



for outside wall 
wall tn buffer space 
floor 
ceiling 

windows 

front door 
door to jgarage 
french door 



standard 



L times 
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CALCULATE 

Q 



PRINT 
HEAT LOSS 
FOR AREA 



FIGURE 
INFILTRATION 
LOSSES 



WAL 
LOSSES^ 



PRINT 
TOTAL 
LOSSES 
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Fig. 2. 'Programming Flow Chart 
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PROGRAM 



10 REM THIS PROGRAM IS DESIGNED TO STUDY HEAT FLOW THROUGH 

20 REM DIFFERENT MATERIALS IN A HOUSE 

30 REM WRITTEN 8. 13. 78 BY DENNIS COLE REVISED 9.1.78 

40 REM THE FIRST READ INPUTS THE CONSTANTS FOR THE 

50 REM HOUSE'S SURFACE AREAS. THE SECOND READ ADDS 

60 REM THE CONSTANTS FOR INFLITRATION. THE THIRD INPUTS 

70 REM R VALUES FOR THE SURFACE AREAS. 

80 REAOWl. W2,W9,D1.D2,W3.D3,F1.C1 

90 READV.C.T1.T2 

92- PRINT "ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE" 
. 93 PRINT" (INSIDE TEMPERATURE C0f#1A OUTSIDE TEMPERATURE)"; 
. 94 INPUTT1J2 
• 100 DATA935.' 1040, 247, 19. 17, 153. 35.926.926, 13579. 17.65. -15 

130 F0RI=1T08 
135 READRtI) 
140 NEXT. 

150 DATAll. 72, 11. 72, .74, 17. 12. 2, 1.96, 1.96, 1.18 
'160 PRINT"WHICH TRANSMISSION AREA DO YOU WANT TO STUDY" :PRINT. 
165 PRINT"!, WALLS', "2. WALL OF. BUFFER SPACE", "3. FLOORS" 
170 PRINT"4. CEILING".' "5. WINDOWS". "6. DOORS", "7. CONTROL RUN" 
180 INPUTX 
190 iFX=7THENT360 

200 PRINT"DO YOU KNOW THE TOTAL R VALUE OF YOUR MATERIALS!' 

201 PRINT" (YES OR NO)"; ' 

202 R=0 
210 INPUTBS 

220 IFB$="YES"THEN232 

221 PRINT"D0 YOU KNOW THE R VALUE OF EACH OF YOUR MATERIALS^ 

222 JNPUTC$ 

223 IFC$="N0"THEN260 

224 PRINT"HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES"; 

225 INPUTZ 

226 FORJ=ITOZ 

227 PRINT"WHAT IS THE R VALUE OF MATERIAL NO. ";J; 

228 INPUTRR ' - 

229 LETR=R+RR 

230 NEXTJ 

231 G0T0360 

232 PRINT"WHAT-IS THE R VALUE"; 
240 INPUTR 

250 G0T0360 

260 PRINT"H0W MANY LAYERS ARE THERE INCLUDING AIR SPACES'"; 

270 INPUTZ 

280 R=0 

290 F0RJ=IT0Z 

300 PRINT"H0W THICK IS LAYER";J;"IN INCHES"; 
310 INPUTM 

• ) 

4 
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PR(^RAM (continued) 



315 M=M/12 

320 PRINT"WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K" 

321 PRINT" (IN BTU.-FT./HR. SQ.FT. DEGREES F.)"; 
330 INPUTK 
340 LETR=R+(M/K) 
350 NEXTJ 
360 LETR(9)^R 
380 G0SUB700 

400 LETQ(9)=V*C*.075*.24* (T1-T2) 
405 DIMA$(20} 
410 F0RI-IT09 

420 READA$(1) ^ • 

430 NEXTI ' 
440 DATA"0UTSIDE WALL". "WALL ON GARAGE AREA", "FLOOR". "CEILING" 
450 DATA"WINDOWS", "FRONT DCK)R"^ "GARAGE DOOR". "FRENCH DOORS" 
460 DATA"INFLITRATION" 

610 PRINT: PRINTTAb(25); "HEAT LOSSES": PRINT: PRINT 

630 PRINT"TRANSMISSION AREA";TAB(25); "R-VALUE" ;TAB(40) ; "HEAT 

635 PRINTTAB(41);"BTU/HR." 

640 F0RI=IT08 

650 PRINTA$(1); TAB(27) ;R(1 ) ;TAB(42) ;Q(1 ) 
660 NEXTI 

670 PRINTA$(9);TAB(42);Q(9) 

680 PRINT: PR I NT" TOTAL LOSSES" ;TAB(42) ; 

689 Q=0 

690 F0RI-1T09 
695Q=Q+Q(1) 

696 NEXTI 

697 PRINTQ ' ■ 

699 END 

700 F0RI-1T08 * 

701 IFI-7THEN703 

702 IFIO8THEN705 

703 LETR(1)=R{6) 

704 G0T0750 - . 

705 IFXO1THEN740* 
710 R-R(9):R(I)=R{9) 
720 G0T0750 

740 R-R(I) — . * 

750 IFI-1THENA-W1+W2-W3-W9-D1-D2-D3 
760 IFI-2THENA=W3/2 
770 IFI-3THENA-F1/2 " . 
780 IFI-4THENA=£l/2 
790 IFI-5THENA=W9 
800 IFI=6THENA=D1 
805 IFI=7ANDX=6THENR=R(6) 
.806 IFI=8ANDX=6THENR=R(6) 
810 IFI=7THENA=D2/2 
830 IFI:=8THENA=D3 

840 LETQa)=A*(T-T2)/R _ 
850 NEXT! , T 

860 RETURN 7,^ 
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I SAMPLE PRINTOUTS 

1. CONTROL 

^ ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE 
' (OUTSIDE TEMPERATURE COPWA IN$IDE TEMPERATURE)? 65.-2 
WHICH TRANSMISSION AREA DO YOU WANT TO STUDY 



OK 
2. 



h UAI 1 c 


o 
c • 


IIMLL Ur DUrrtK arALt 


O CI aadc 

J. rLUURb 


4. CEILING 


5. 


WINDOWS 6. DOORS 


7. CONTROL 


?7 








• 








TRANSMISSION AREA 




' R-VALUE ? 


HEAT LOSS 








6TU/HR. 


OUTs'lDE WALL* 




n.72 


8597.95 


WALL ON GAME AREA 




n.72 


437.329 


FLOOR 




.74 


41920.3 


CEILING 




17.12 


1811.97 


WINDOWS ' 




2 


8274.5 


FRONT DOOR 




- 1.96 


649.49 ^ 


GARAGE DOOR 




1.9.6 


290.561 


FRE«H DOORS 




1.18 


1987.29 


irrLITRATION 






11463.4 


TOTAL LOSSES 




• 


75432.8 



WALLS ' » 

OK 
RUN 

ENTER YOUR DESIGN TEMPERATURES FOR YOUR HOUSE 
(OUTSIDE TEMPERATURE C0W1A INSIDE TEMPERATUR)? 65,-10 
WHICH TRANSMISSION AREA DO YOU WANT TO STUDY 



2. WALL OF BUFFER SPACE 
5. WINDOWS 6. DOORS 

0 , 



1. WALLS' 
4. CEILING 
?1 

DO YOU KNOW THE R VALUE OF YOUR ^TERIALS (YES OR NO) 
?N0 

HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES?. 2 

HOW THICK IS LAYER 1 IN INCHES? .75 

WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K 

(IN BUT. -FT. /HR. SQ.FT. DEGREES F.)? .14' 
"HOW THICK IS LAYER 2 IN INCHES? 2 
WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K 

(IN BUT. -FT/HR. SQ.FT. DEGREES F.)? .025 



3. FLOORS 
7. CONTROL RUN 
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SAMPLE PRINTOUTS (continued) 



WALLS(cQnt1nued; 



TRAN^ISSION AREA 



HEAT LOSSES 
REVALUE 



OUTSIDE WALL 

WAbL ON GARAGE AREA 

FLOOR 

CEILING 

WINDOWS 

FRONT DOOR 

GARAGE DOOR . ^ 

FRENCH DOORS 

INFLJTRATION 



total' LOSSES 
CEILING 



7.1131 
11.72 ^ 
.74 
17.12 
2 

1 .96 
1.96 
1.18 



HEAT LOSS 
BTU/HR. 

15858.1 

489.548 

46925.7 

2028.33 

9262.5 

727.041 

325. ?55 

222475!! 

12832.2 

90673.2 



RUN 

ENTER YOUR DESIGN TEMPERATURES FOR YOUR W)USE 
(OUTSIDE TEMPERATURE COMMA INSIDE TEMPERATURE)? 65;-10 
Wnref) TRANSMISSION AREA (X) YOU WANT TO STUDY 

1. WALLS 2. WALL OF BUFFER SPACE 3. FLOORS ^ 

4. CEILING 5. WINDOWS 6. D{K)RS 7. CONTROL RUN 

?4 

DO YOU KNOW THE R VALUE OF YOUR MATERIALS (YES OR NO)*' 

?N0 . 

HOW MANY LAYERS ARE THERE INCLUDING AIR SPACES? 2 

HOW THICK IS LAYER 1 IN INCHES? .5 

WHAT IS THE THERMAL CONDUCTIVITY CONSTANT K 

(IN BTU. -FT. /HR. SQ.FT. DEGREES F.)? .0925 
HOW THICK IS LAYER 2 IN INCHES? 12 
HHAT IS THE THERMAL COf«>UCTIVITY CONSTANT K 

(IN BTU. -FT. /HR. SQ.FT. DEGREES F.)? .024 



/ 

t 



4 



V 
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NG (continued) 



TRANSMISSION AREA 



SAMPLE PRINTOUTS (continued) 



HEAT LOSSES 
R-VALUE 



OUTSIDE WALL 

WALL ON GARAGE AREA • 

-FLOOR 

CEILING 

WINI^WS 

FRONT DOOR 

^RAGE DOOR * 

FRENCH DOORS 

INFLITRATION 

TOTAL LOSSES^ 



n.72 

11.72 
.74 

42.1171 

2 

1.96 
1.96 
1.18 



HEAT LOSS 
BTU/HR. 

9624. Sf" 

489.548 

46925.7 

824.487 

9262.5 • 

727.041 

325.255 

2224.58 

12832.2 

83235.8 



/ 
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SUGGESTED FOLLOW-UP ACTIVITIES : 

'1. Have studftnts do heat flow anartyses for their houses. This may be done 
by "cranking it out" qr by changing these caifljonents of the computer 
program. (All the changes would be made in Lines 80 through 150): 
Wl = wall area of 1st floor 

- perimeter • height of • ceiling 

W2 = wall area of 2nd floor ~ 

= perimeter • height of ceiling 
W3 = wall facing buffer space • . 

- lengtti • height 

W9 = Area of windows ♦ v ^ 

Dl» 02, 03 - area of doors (you must be particular about door placement) 
Fl = area of first floor /V \ . 

CI = area of ceiling or roof surface area 

For simplification, treat b^senrents like attics. (Temp = AT.) 

Rl. through 8 are the R-values of the areas. ^ . 

2. The computer program was'designed especially for use with all BASIC 
computers. A student could be assigned to change the program. Fig. 
1 is the floor plan used to create the standard run. ^ 

3. Discu'ss the topic of i,nsuTation payback at current fuel cost. Using 
degrie days, compute-the heating bill with and without the new insula- 
tion. One might also consider a house-design activity. . ^ 

4. Further studies of heat flow by convection and radiation, infiltr^ation 
and i^nsulation materials, might be pursued. 

5. Other programming activities are thermostat operation and set-back ^ 
efforts, passive and active solar design, raonitoring home consumption, , 
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computerized home environmental control, buildings and energy codes. 



efficiency, and heat content of fueU. 
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#7. HOW MUC« Um DO WE lOSE THROUGH A TYPICAL DOQRWAY? 

PURPOSE : In this activity, you will examine various options for doorway 
design in a model house. You will determine the mi nimu^ amount of heat 
hecessary to keep model house at^ a desired temperatuire. , : • ; 

INTRODUCTION ; All of ouf lives, we have heard the words "Clo&e that door.- Do 
you want us to freeze to death?" or soa« variation of that stiitorent. 3ut .. 
what you may not . know is just how mucti heat is lost through an open <o6r. •> • 
In addition, there aVe simple wajfs to, recfuce that heat loss considerably.. 

There are several factors which will affect the amount of heat lost * 
through a doorway. Obviously, the outside t»nperature is in^rtianti^and 
the speed and direction of tlw wind nujst be considered. The*design of the 
doorway, however^ is probably the most critical aspect of heat loss through 
it. If the door is set back from the rest of the house, this may reduce hpat 
loss. Alfother idea, to consider is the addition of a vestibule, which makes 
it necessary to enter the house by opening and closing an ouislde door 
followed by opening and closing a second door into the house from the vesti- 
bule. In this activity, we will i*se a jm>del house to ccxnpa re different door- 
way designs. 

MATERIALS : Two styrofoam nwdel houses - one with a flush door, fthe other 
with a vestibule. • « ' 

Heat source for irodel house (40-watt light bulb) 
Thermostat 
Thermometer . 

Clock (with second hand) ' ' 

' , S') ' . : 



73 



PROCEDURE : In this experinwnt, you will be comparing the amount of time 
that the light bulb "heater" is actually on in order ^o calculate the 
^amount of ejiergy* necessary to heat your model house. 

1. Control "house ": " . :, 

. a. Set-up your house with the door closed. ^ ' 
-I K^'^ Record the temperature. 

c. Set the thermostet at the setting dete#hined by your instructor. 

d. Turn on the light. Record the starting time. 

. e. For each minute, record whether the light Was on or off for 
•^that minute. If the light was on for more than half of a 
minute^ record "on", less than half a minute record "off", 
f. Record the temperature at 1 minute intervals throughout the 
experiment. 

V ^ 9- Continue the experiment f<>r ten, minutes after the house has 

■ 1 • ■ V . ■ . . ' ' 

.A * ■ , ■ ' ■ ^ 

, _ reached ihe thermostat temperature. Continue to record temper- 

r atures and on-ti{fjes of the biilb. 

House with door opening every .2 nrinutes for 5 seconds : 
s ' a. Set up your house with the door closed- - . 

b. Record the 'temperature. - ' 

' - ^ . . • ■■ ■ . ' • 

m 

c. ■ Keep the thermostat at the same setting, 

d. Turn on the Tight and take readings as before. 

e. When the' temperature has reached your thermostat setting, open 
the door and leave it open for exactly 5 seconds. Continue 

to cfo this at 2 minute interval^. / 

f. Recor^b the time and temperature readings as before as well as 
the bulb Ion-time. 
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3* House wUh door opening 6very mi nute for 5 seconds: . 

a. Repeat the aboye steps, only this time open the door, every 



minute for 5 seconds. 



4. House wfth vestibule and door opening every 2 minutes for 5 

^ ' ~ ^ ■ 

sec onds : 

- ■- ^ 

va. Repfeat the above except that when opening the doors, follow 
these instructions: 

- 0;^ outside door for 5 seconds, then close. 

- open inside door for 5 seconds, then close." 

5. House with vestibule and door opening every minut e for five , 
seconds': ^ , 

^ a. Repeat step 4; on^y th^s time open the vestibule and door 

every minute. 



Time. T\ 
(miti) { 



House with House with 

House ,w/Door House w/Door Vestibule &^ Vestibule & 

opening every opening every Door opening Door opening 

2 minutes 1 minute every 2 min every 1 min ' 

emp Light Temp Light Tine Ught Toro Light TajD Light 
°C) On/(iff (^C) ^ On/Off {%)^ On/Off {°C) On/Off (°C) On/Off 



Control 
House 



0 ' , ' ' • ' 


— 

1 




* 








*• 








. .3 , " . 


4 










— 6 

^5 


* 








6 








, 


7 




m 






8 . ^ • 
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TO 


* 




>^ _ ^ 








; -.• ■•' — — * — ■■ — — — 7" 


. r 

12 








•"13* • *' . ■ ' ' ■ J 










Ms 






^ -1-^ , 








_i • \ •-, ; ■ 








« "••.-11 










' 19 • 








. 20 ♦ 






. - 'V ■ ^ . • 
\ ! :^ , ^ — 




P 


m 




— ; • i * .. 





t 




ERIC*' . " ' - " : \ ' 



* 



CALCULATioWS : ' . " - ' . ' ■ - ^ . 

- A. Make graphs 'of the data you have epl lected for each of ^the. model s . . 

. ' , The qt:dp,hs should be temperature as a function. of time. Indicarte-- 

- > oh,eac^) g'raptJ whether tlif light "was on or off by showing a solid ' . , 

' line for -"ofi" and'a dotted line f«r "off".' - ' ■ \ 

B. Calcu'late lihe amount of tin« ^that Ae light wai on for e^ch ctn- ^ ■ 
•/ dition -afte r the temperature had reached th^"thermo> tat setting'. \ ' 

. This can- be done bi simply checking, your data^and adding up the • • 

.. minutes that the ;lfght-wa^bn. Record your results bel^iv. ^; y 

C. / Calclilate- the. amoupt of energy used- during' the ten minute period •* ■ - 

■ of each conditidnsy foil owing "tfie sample below. ^/ » - - 

" ' ' y 

NUMBER OF WATT RATING - ^. NU^R OF • " . ^ ' , 

KILOWATT = or tIGHT ' ' x - 1 KILOWATT x MINUTES THE ' x 1 -HOUR ^ ' ', 
TORS , - ^^Jl^B ^* . ' ^ TOO WATT^ imj WAS. ON V. 60 MIN ' 

£ .Record you n i?esul t^. bet^w. / ' '• 



76 



0. calculate the percent increase -In energy use due to tlje opening of the 
• .' ' ' * ' ' ' ' 

doors and/or vestibule. (Hint: See the sasHJie calCulatiofi below.) • 

' .... -is 

Amount of Energy Used Aawunt of Energy Used 
. :% Ihcrgase - • " (KWH) " in.Control House (KWH) „ iqo 

' AraountrOf Energ/Used '' ' ^ 

. ' ' ' * in Control House (KWH) .. 

^ ^ * • . 

f Suflitiarize the results below. 

Results , , . ^ 

^ » • ■ ' 

r Anwunt of Time 

~. • . Light Was On Nianber of JCWH % Increase ^n ■ r ' 

\ (min) U§ed Energy Use 



* . . ■ 

Control House ' ' 


* » 


•* * 


* 


■ V 


s House with Door 
Opening Every 2 Min • 

. m 


-J 


« 

• * 







House wi th -Doar . 
.Opening Every I Min 



House vfith Vestibule 
Opening Every 2 Min ' 



House with Vestibule 
Opening Every 1 Min 



QUESTIONS : • , ' ' - ,• 

1. Which house used tb'e most energy to maintain the designated temp- 

erature? . ^ 

' - . . . . / ' . . . 

• 2. Which house used the least energy? 



'ft V ■ * ' 

3. Consider houses which are set up as.folloj^i^s: 



C A 



77 




Soutb 



North 




door aiid 



If the houses above VFere to be operated under the sanfe conditions 
as the houses in which ypu opened the door every 2 minutes for 5 seconds,, 
predict whether . there would, be mre ', less , or the same anrount of energy 



1% 



used under the following con'ditions: 



Door and 
Door Only Vestibule 



a. Window slightly open. (no wind). 

b. . Window a: losed (north wind). 

c. Window closed (south 'wind) . 

d. Window, slightly open .(ejis.t wind). 

e. WjJ^dow closed (e^t wind). 




4'. A. vestibule is*only one way of reducing heat los^s through doors in ' 
both residential and cjmnercial. buildings..- Lis t'^^veral q^ther method-s 
which are u^ed ^tp reduce heat Ipss through*. doorways. 
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TEACHER'S GUIDE 

I 

t 

OBJECTIVES : Upon cofl^5letion of this activity, the student will be able to: 

1. Take accurate data of tetnperature and time in a model house 
heated by a light bulb. 

2. Calculate the airount of energy in kilowatt-hours required to 
heat the model house. 

3. Explain the effects of opening and closing doors on buildflig 

r 

heat loss. 

4. Calculate the percent increase in energy consumption as a re- 
sult of opening doors. ^ 

5. List several methods of reducing*heat losses through doorwaysf 

gACKGROUND : In tlieX^ergy-conscious society in which we live, mych has 
been written and said about conservation of energy. In this activity, 
students -will focus on one single aspectof conserving energy; I.e., 
reducing heat loss through doorways. Comparisons will be made among a * 
closed house, a house with a conventional doorway opened at regular 
intervals, and a house with a vestibule doorway opened at regulj!^ inter- ■ 
VaTsj. Students will be 'able to calculate the percent increase in energy 
use due to door openings. , 

JIME REQUIRED : two 45 minute periods for data, collection . . 

One-two 45 minute'^riods for calculations and questions 

MATER fffl'S (per group ):- For a class of 30 working in pairs, you wi>l need 
is nx)del houses, 6 with vestibules and 9 with conventional doors. These 
model hwses can be constructed using small styrofoam copiers which have 
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been fitted with a small window on top (S a raft wrap or plastic will work) 
and appropriate dqprs. It is suggested that the door be designed so that 
a string will pull the door up, ^11 owing it to easily fall back into ^ 
.place when the. s?tring is releasea. Be sure to have a way to close the 
door 4i€curely. » ' 

The styrofoam cooler would be placed upside-down on a piece of wood 
onto which has been mounted a light bulb, socket and themrastat. Putty 

r' 

may be used to nwke a ti^t seal between the wood and the styrofoam. In 
addition, there must be a small hole for a thermometer. The thermostat 
Should be located near the thermometer.. 

* Thermostats are available at a nominal cost from heating companies' 
and hardware stores. Many people have installed new clock thenrrostats , 
which' leaves many old conventional^^ypes aval table. 

These model houses could also be used for other empirical applica- 
tions such as determining effects of insulation and stratification of 
^ temperature in houses. , 



SUGGESTIONS: 
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1. Be sure to set up each house with identical conditions, inclading 
door size, type of thermostat, ^pe of bulb, accurate thermometers 
and the same initial temperature. . 

2. If necessary, calibrate each thermostat to be standard with the 
control housei. • • 

\. If yovj wi^h to reduce tlie amount of time spent in lab, spUt the 
'data collection between the-lab teams an^ pool data at the end- 
of one period. 

. ■ .5/' " ; . . 
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4. Make sure that the students understand that they are not really 
measuring the amount of heat, since a light bulb is not an 
' efficient source of heat. 
^ 5. Make sure that the thermostat setting that you choose is high 
enough to cause a reasonable heat d^nd. If the activity is 
done in a classroom at 65°F (18°C), a suggested thermostat 
setting would be 95°F i35°C). 

SUGGESTED FOLLOW-UP ACTIVITIES : 

1. This activity could-be lengthened by testing the effect of wind^ 

■ t 

(electric fan) on differetit housing orientations. 

2. A calculation .of heat loss in a normal house is an exercise 
which can point out the other heat loss^:auses. ' ' 

3. A similar activfty with these model houses could illustrate 

• ^ 

the effectiveness of various types of Insulation, > 
REFERENCES : 

• . ^ ■ • ^. 

University Physics . Sears and Zemansky, Addison WeSley. 

Physics for Students of Science and Engineering . R. Resnick and D. . 
Halliday, John Wiley and Sons. 
* ASHRAE Fundamentals . 1977 
^ Solar Heating and Cooling . J.F. Kreider and F. Kreith. McGraw-Hill 
• Book Co. • ^ 
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#8. CALCULATING ELECT.RICAL CONSUMPTION IN YOUR HOMr* 

PURPOSE : The purposes of this activity are: 1) to do a home survey of 
electrical appliances;, 2) to calculate the number of k>lowatt hours of 
electricity consumed annually by these appliances and; 3) to calculate^ 

4 

the approximate ainnual cost of operating these appliances. 

INTRODUCTION : Mo§t people are not awarie of the number af electrical applf* 
ances found in their homes. We would probably tend to guess we have fewer 
appliances*thdn we actually possess. Few of us^riave any concept of the 
quantities of electricity consumed by our appliances. Each appliance 
will consume a certain quantity o^F electricity during the ^course of a 
year and few of us co|J[der the collective effect or cost of operating 
our home appliances. 

'There are two methods by which one can attach a price tag to the 
usage of electricity in your home. One n»thod is to read the electric 
meter each day. This will (by subtraction), tell you the nOlftber of kilo- 
watt hours used Jer^day. Thes^oblem with using this method is that it 
does not allow one to determine^r analyze whifch' appliances are consuming 
the greatest amounts of electrical energy. 

The second method is to- calculate the electricity ^consumed by each 
appliance and add the individual calculations to attain a total daily 
usage. This method entails a great niimbelr of calculations and a consider- 
ation of the ttme each appliance wa^s operating. ' 

' Electric power is measured In watts. Power in watts 1^ determined 
by fuulti plying electrical pressur'e in vol#*by current flow in afnperes~. 
If a one-watt appliance is. run continuously for one^our, it will consume 
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one watt-hour of electricity. A lOO^watt light bulb win use 100 watt-hours 
Of electricity every hour It is on. Your electric meter measures kilowatt- 

• 

hours of. electricity. One kilowatt-hour is equal to 1000 watt-hours, so - 

terTlOO-watt ligh€ bulbs turned -on for one hour will consun» one kilowatt- 

hour of electricity. Kilowatt-hours are uni^s of energy. 

The cost of electricity is calc«>ft4;ed by imiltiplylng the number of . 

kilowatt-hours used by the rate per k.ilowatt-hOlf^. ■ Assiwiing the electric 

rate is 5 csnts per kilowatt- hour, it v«)uld cost 0.6^ to play records on - ^ 

• . - - 

a 120-watt solid-state stereo for each hour. 

MATEIU^LS : "Estimated Annual Energy Consumption of Appliances" (Appendix D) 
Home Data Sheets 

PROCEDURE : (l) Survey your honw for electrical appliances. Write the 

number of each appliance found in your hon«-on the data 
sheet. 

^ (2) Multiply the numbe^^ of each appliance by the average 

number of kilowatt-hours used by each appliance annually, 
f) Multiply the number of kilo^artt-hours "used by your electric 
rate. 

• (4) Add the costs to find .the total annual electric bill. 

QUESTI6nS : • ' • ' 

^1. Does your hJie have more or fewer electrical appliances than 

" ' you -might have guessed before conducting the purvey? 




2. In your opinion, is your home above average, aver^age, or below 
C. ^ ^average in regard to the number of electrical appliances? 
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-Data Sheet • 

Average Annual Consumption 
in KWH ^ 



Total KWH Annual Cost 
Used Annually 9 5^ KWH 



860 



1240 




Watts 



Estimated Hours Total KWH 
nJsed per Year Used Annually 



Annual Cost 
@ H per KWH 



9r 



3. an electric hair-j:urling iron is rated at .75 amps, and is used 
an average of 15 minutes per day 6 days per v^ek, calculate the 
annual cost usir^ your local utility rate. _^ 

4. Of the electrical appliances found In your home, which five con- 
sume the greatest amounts of electricity annually? 



1: 



.5. If a federal law were enacted that would allow' each home to have » 
only five electrical appliances, which five v«)uld you keep? Brief- 
ly explain why you would keep those five. - • 



6. If your hone were to- be allotted a li^lt of 6000 Kwh per yea^ with, 

- s . ' 

substantial penalties for exceeding the limit, which appliances 
would you keep? » ■ ' ' 



^^^^ -^r-M-^ 



7. What effects would the doubling of electric rates have in your 

honf«? Why? What effects would dccui? to people on ftxed incomes? . 

^ ! 1^ . 




8. Calculate ,the percentaige your family's annual income that is spent 
7 "on electrical power. ^ - ' • . ^ 



9. ' Calculate the difference in annual cost of operating a tube- type 
radio- (125 watts) and a solid-state radio (25 watts) if both are 



useS six hours per day. 
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' . . TEACHER4:S GUIDE . ' ' ■ 

4 '* > * 

. OBJECTIVES : students- wi 11 be able to: (1 ) survey their own hones for - , 
electricaTappliances, (?) calculate the energy (in kilowatt-hours) con- - 
swned by theirVelectric^T appliances .individually and coll ectivety, (3) 

*'■'•,.• ' . ' , , . ■ * 

calculate the cost of operating* their electrical appliances, (4) develop 
an awareness of electricity consumption and costs. ' . • - * 

BACKGROUND : Electrical consurnption due to h(»ne appliances has increased 
drarnatically in the past few years. National studies indicate that consump- 
tion is increasing at 7% annually. This represents a doubling of consump- 
tion every 10 years. ' , ' . . 

.Most are not aware of the number of^Qleetrical appliances found in - 

V ■ ■ . ■•' • • ■ ■ • . • 

.their' homes, the anwtfnts of ene»^ consianed by these appliances; of the 

cost of operatinc^these appliances individually or collectively. ' 

^, ■ ■ ■ , ' J " ■ ' 

■ ' . ' ■ • t , 

Some basic equatiohs used in this j^cttvity are: 

■ , ^ ■ ■ • ■ 

Ppwer, Watts Electrical PressufeVVol ts x Current now,Amps 
\pne kilowatt = 1000 watts . ' 

Energyt Kilowatt -hours = watts x tiiT» (in hoursJ/1000 
Cost = energy kilowatt-hours x e-lectric rate, cents/kilowatt-hour 

TIME REQUIRED . Two c>jass periods (55 minutes each); homework time " 

■.<■-.- . O ! 

.. I ■ ... 

. ■• . • * O • 

' MATERIALS : ■ Data sheets. 

SUGGESTIONS : . T) Electric rates vary according to region. Call your - 

electric company asthifl gt the gctual rate. 
2) Preview the data sheet with students, show how to cal-» 
culate annual consumption and cost and allow students 



.5 
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r ' 

several days to ccmplete their surveys. 
^ ' 3) aiv^students the opportunity to add appliances to the 

. datasheets. They win have to calculate kilowatt-hours 
used annually by these appliances. " ' 

» - * 

4) Note:, ^'furnace fan" is lista(J on the data sheet. 

5) You- might anticipate the five-a^iances selected $o keep , 
will be: range, clothes washer, furnace fan, TV i and re- 
frigerator.^If six are selected, the clock^will probably, 
be sixth. \ j . 

ANSWER %) QUESTION #3 : (Based on 5*/kwh) 
watts = voUs^x amps 

120 v X '.75 a = 90 watts 
kiTowetts - 90 watts/lOOO » .09 kw ' *' 

time = .15 mTn?day x 6 days/week x 1 hr/60 min x fz weeks/yr 

.. ■ . ■ ■ ■, 

= J8 hrs/year . 
* kwh/year.= 78 hrs/year x .09 kw = 7.(^. kwh/year 

♦ 'cost = IM kwh/year x .05 =$.351 per year 

; ■ ■ ■ / 

ANSWER TO QUESTION #9 : (B^Sed on 5^/kwh) • ' ' . 

M • ' ■ - 

Tube type: . . ' • ^ 

12^ ^afts^r^ hrs/day ^ 750 wattrhQCirs/day 
750 watt-hoursylOOO = -75«kilpwatt-hotir/day^ 
.75 kwh/day x 3^5 days = 273.75 kwh/yr = j - 
2/175 * .05 = $ia.69 

Solid State: *J 

25 watts. x 6. h^s/day = 150 watt*hours/4ay „ ; ' 
^ ^ * 150 watt-^rs/day/1000 - >15 ki1owatt-hours/day 
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.15 kwh/day x 365 days = 54.75 kwh 
54.75 X .05 = $2.74 
DiVfereoce = $13.69 -' $2.74 = 410.95 
The following ma^ be of interest: 

U.S. Households with Ma jor^^l lances , 1973 (percent)* 



Clothes washer - 78 
Nonaut^anati c - 10 
Automatic - 70 

Dishwasher - 25 

TV - 97 

Black &/tfhite - 64 
Color - 53 

« 

Clothes Dryer - 53 
Gas - 16 



Refrigerator - 99 

%- ' 

.Manual defrost - 48 
Frost! ess - 5l 

Stove - 97 
Gas - 52 
Electric - 46 

freezer ^'34 



/ 



Electric - 38 • ■ , 

*TTreV\inerican Energy Consimier , Dorothy K» Hewman & Dawn Day, Bal linger 

Publishing Compahy, 'Gambridge, Massachusetts, 1975., • . 

N 'a' ■*■'■«.■ " - ' ' 'I ■■ ■ ■ 

REFERENCES: • ' ■ - ' ^ ' . ^ • . 

• ^ ^ ■ - ■ / <• ■'■ ... - 

~ . K' Che Ameri can. Energy Consumer , D. Newman and p.' Day, Bal linger - 

— p ^ . ^ . , ^ 

Publishing* 1975/ — . * „ . 

r ■ 1 

f . , 

Z'. Tips for kn^rg^ Savers , ^Federal Energy Adirfinistriit ion, Augus^t, 1977. 
. 3. The Home Energy Guide, J. Rothchild and F. Tenney, Ballantine Books, 

' . ' * ■ ' ■. . . 

'4. Energy Conservation 1n the Home , 0.5. Department of Energy, October, 
*1977. - ♦ , 

f 
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■ ■ . ■ . I' 

#9. '. THE"t'FFICACY tJF LIGHT SOimC£S 

• i ■ 

^PURPOSE: To determine the efficvy of various, light sources. - 

INTRODUCTION : The lighting efficiency of lamps and other light sources is 
^terined EFFICACY and is determined by dividing the light output in lumens . 
by the power used by, the light sourie in watts. Tttferefore. efficacy units 
'are lumens/watt. In this activitVdffferent lamp^ will be tested to detfer- 
njiije their efficacies, as well as each lamp's desirable' and undesirable . 
characteristic*./ * - » - ' , ' • 

MATERIALS; (each group ) - , ' /> 

G raph' paper ^ * ^ ^ 

1 - photometer ^nd associated equiprrrent 




1 - incanaescent lamp fixture . * vV^^vf V \ 

1 ^15 watt fluorescent fixture r\ \ ' ' 1 



■PROCED 



2 cardboard btJxes, irtsides painted -^Tacic and Targe enough ^9. Jb^V^ 

*V / - ' ■ • ^-'^ 

the fixtures . 4'< ■ - , . . 

3 - low wattage lamps/ incandescent. Example: 15 watt. 6a>att. none 

greater .than> 4 00 watts *' . ' 

2 or nrore different - 15 watt fluorescent lamps \ 





1) Place ^ known staj^rd light so^ce at oAe end of a photanet^n.. 
-Place a box with one o^n si<ov6r the bulb. ^The interior s^d; 
be. black and the open side facing tJie pho-tomeler. , • 

2) On. the other.^ide of the photometer set up the unknown light 

, ■ . ' » ■ . ■■ >. 

source in the san^wa'y^ , • . ^ ^ 
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3) - Slide the photofneter Until the light is the -same intensity on 

both sides of the meter stick. Measure the (distances of ligh1 

sourc€S to Rhotometer. 

1 * ■ 

4) Using E = -« , where ' * • 



2 



E is* t;he liglvt intensity falling on the photometer in*l5mens/n^ter 
I is the light output in lumens Ui^^jj^^ found, from bulb'cartonsj ^ 
d is the distance from the photometer to the' 1 ight source in meters.. 



E E ' •* . - 

If known = unknown ^ • 

^.then 

d d * ^ 

known unknown" , ^ • ' . 

..J 2 ^ I . ' * ' . . 

-1^^^^ ^ ^unknown ' unknown 

' "^known ' - ' 

'-, • * - ■ 

" . ~ ' ' y ■ ' . 

*Find I , in lumehs and recor.d on' the data pag^. 
unknown 

' * ( ' - ' ' 

' . 5) Find -t^te EFFICACY of light source ' f . . 

/ r • ' , ■ ' ' ■ ' 

* > • EFFICACY , , / ' ' 

power ' ^, • 

where I is light output in lumens and the. power 'input (foiind ort 



I 



bulb) is in watts.- ' ' v- / « ^ ' ' r 

6) ^ Repeat steps 3 through 5 for, two mord lncandescent lamps aftid record / s 

results *on the data page. ' ' • ' , 

7) Replace the unknown incandescent. lamp fixture with- the fluorescent 
fixture and put in a fluorescent lamp. 

8) ' . Repeat- steps" 3 through 5 and record on data page. 

9) If- your teacher has *aliy 6ther special bulbs to test, then repeat 
' steps 3 through S and record -on data page. 



Q 



t , 

10) Make a dual histogram of power in watts as a function of efficacy 
in lumens/watt. Distinguish the two lamp types with different 
colors. \ - ' 



Lamp 


Illumination 
(lumens) 


Distance 
J meters) 


Pwer 
(watts) 


Efficacy 
(lumens/watt) 


Known Incandescent 


f 


/ 


■* » ■ ' 


4 , ^ 


1) ^ ; 










2) 










3) 


1 








4) Known Fluorescent 




— • -' 


\ 


4 


5) 






9 

«t 


* 


6) ' 




i"-^— y — f- 

f 




$ 


7) - . ■ 


» 








8) . ' * 






■ ? 




> 

1 


f 



O J. 



.91 



60 
' 50 

40 

"I 30 
c 

E 

^ 20 



^ 10 
u 




HISTOGRAM / 



5 10 



15 



20 



Power (Watts) 



ONCLUSIONS: 



r 



15 36 ~2l 40 ?B 50 :55T 60 



■i 



1) What conclusions can be drawn from th^ histograin? 

2) . How does the fluorescent lamp compare with the incandescent lamp? 

3) Gi've s(^ of the advantages and dis/2rdvantages of:. , 

a) fluorescent lamps' 

b) incandescent lamps. 

4) When installing light fixtures in the home, where would you loc^e 

ttie different types of lamps? Give your reasons. 

• . . * . / ■ 
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TEAfHER'S GUIDE ' */ ^ 

objective': Students viill^e al^le to.apply a standard photomftric^methbd 

— ^- V » ^ 

in the determination of efficacies for several Tjight, sources. , 

BACKGROUND: This" is a consumer education activity that will spcrease the 
understanding, of the positive and negative energy consumpti'oft aspects of 
typical lamps found in the hdn^ and school . 

TIME REQUIRED : One 50 minute period is' recomnended for this activity; 
however, several follow-up activities listed below could "be. added to help^ 
the student enhance his understanding of efficacy. . . 

MATERIALS : -^The basic naterials are listed ond:he' student activity^pages. 
It is" recommended that the 'teacher hav^ 3 different incandescentrjamp^; • 
e.g., 25-. 60-. 75- or 100-watts. More lamps of different wattages cpuld ;^ 
' be used if you desire. When purchasing fluorescent lamps, the suggested 

' watt-age to'us6 is 15 watts. * . 

Ther^ are several special lampfs that can be fo'uhd in schools, in- . 
eluding projection lamps, for example. Check with yoiir custodian or audio 

A 

visual staff. . . 



SUGGESTIONS:- -This activity should work well as a follow-up to the stan- 
dard photc||iieter experiment found in most physical science or physics 
sources. Students seem to enjoy determining the efficacy of unkB0>(»n light 
sources. . • 



FOLLOW-UP ACTIVITIES : - ' . ' 

1) try aski-ng the student to determine the efficacies of some 
special light sources such 'as high intensi„ty, halogen, mercury and 
projection bulbs. . ^ , ^ . . 

2) Determine the effect of reflectors with the use of lamps. (This 
» may be done by placing aluminum foil inside 'the box.) 

.* 3) Have students checks the watta^,. lun^ns.and efficacy of the life- 
time (5 year) Mght buflbs. (They will generally be low.) 
) 4) . Over, the' open side of the box place a '.cover and insert a thermometer 
: into the top of the cardboard box. Turn on the lamp and take temp- 

erature readings over a period of time (5 or 10 minutes); then 
grapn temperature as a function of time. 



SA MPLE DAT At : 

' v 

Incandescent (a31 frosted): 



4 

Power (watts) 


Illumination 
(lumens) 


15 . 


125 


25 


235 


40 


. 455 


60 


870 


75 


1190 


iho 


1750 


/ 

t 





Efficacy 
(lumens/watt) 




94 



Fluorescent lamps: /* 



Pcwer (watts 


Nane 




cool white *' 


tt 


deliixe cool white 


ii 

• 


warm white 


II' 


warm . 


% 


m 



Illt^ination 
(lumens) 



^0. 
610 
600 
870 



Efficacy 
(lumens/wat t) 

58 

. 4,0 
40 
58 



* For GE bulbs otily, others will show lower efficacy. 



REFERENCES: 



lES L ighting Handbook 
Illuminating Engineering Society 
Standard Ughting Guide 
, 3rd Ed. 1962 

G.E. Lamp Catalog . 1977 Ed. 
Form 9200 * 
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#10. USING WIND POWER TO PRODUCE MECHANICAL WORK 

PURPOSE : To demonstrate the conversion of wind energy into work and the 
effect' of wind velocity and aeroturbine diameter on the conversioD.. 
MATERIALS : Fan with variable speed? wind tunnel, anemcmieter or other wind- J 
speed measuring device; ring stand and clamp for holding wind machine; 
20- and 50-grain mass standards-, classroom set of wind machine h^ads; 
cardboard, acetate, or metal for fins* string. ' . 

INTRODUCTIO N: Wind power, derived from solar radiation, is an obvious 
force acting i^n our physical world.. Winds can range from light cooling 
breezes of 1-7 mph to destructive hurricanes with speeds^ above 50 mph. Har- 
nessing wind power has been a challenge for centuries, but the name of 
the man who discovered that wind could be used' to turn a wheel has long been 

forgotten. , , ^ 

Wind machines have been called windmills (used to -gv-ind grain), wind 
pumps (used to pump water) and wind generators (ifsed to generate electricity). 
Any device used to capture wind power bj^he rotation of a wheel is called 
an aeroturcine. It can be made in a variety of shapes, but the most famil- 
iar type consists of a circular head wit'+i^o or more fins attached. 

The power of the wind can be determi ned f rom the kinetic energy of a 
moving mass of air: " | • * . 

where M = mass pf air in kg, y = velocity of air in meters/sec 

By*firfding the mass of air passing'through the aeroturbine per unit tiifie, 

we can arrive at power (energy per unit time). 

•» ■ • • 

« * 
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The mass of air passing through arr ^eroturbine during a given time 

period is a product of the density of air, the area of the aeroturbine fac- 

ing^the wind and the velocity of the wind: 

M = pAV ^ 
3 

where p = density of air in kg/m 

2 • » 

A = the area of the aeroturbine in m 

Vf = the velocity of thjf^wind in m/sec I 

* » • •• I ■ • 

Substituting: 

1 2 

Power input (P"^) = KE/unit time = ^ (pAV) V ' • 



Thereforet, 



P . - ^ PAV^ 



(1) 



From Eq(l) it can'b^e seen that the power of the wind is directly proportion- 
al to the square of the diameter of the aeroturbine (A =Tr d^ )an« to the cube 
of the wind velocity. v 

^he power of the wind obviously cannot be completely coverted to 
usable power by a wind machine. A. Betz of Germany determined tifftt the 
theoretical efficiency can be as high as 59.3%, but the actual efficiency 
of a well-built machine is about 40%. 

In this experiment you will measure' the power output of a n^odel wind 
machine by having it lift a weight. The kinetic energy -resulting from a 
vertical linear, motion is. the mass tin^s the acceleration due to gravity times 
the distance the mass iroved. Since power is kinetic energy per linit tin^: 

Power output (P^) = KE/unit time = =M2gh/t (2) 
where = mass in kg of the mass standard, ' - 



g = acceleration due to gravity, 9.8 m/sec , 
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h = height in roebers, and 

t = time in seconds, • ' 

Since efficiency equals power output divided by power input, you will 

be able to calculate the efficiency from the Equations (1) and (2). 

P° xlOO-="29h/t 



% efficiency = 



PROCEDURE; 



X 100 



1. Your wind machine head consists of the following parts; 

Figure-1. Wind Machine Head 




HEADSPOCN. 



»)q. mass 



AXLE 




* » 



Place four spokes with fins attached evenly around the head spool. " 

2. Test the position best suited to produce constant "rotary motion 
by rotating the {"spokes"- and fins to different positions. Try 
placing the fins parallel, perpendicular, and at various' angles 
to the plane of the head spool and check which position produces 

• the fastest spin when placed in front of the fan. Attach the 

'axle housing to a clamp on a ring stand before using the fan to 

• f 

test spin. ' . r " 

3. Attach 30 cm of string to the axle as shown in Fig. 1 after you 
have found the best fin angle. Attach a 20 g mass stai^ard, short- 
enirg the string so that it will rest on the table top or fltxjr 
when the wind machine head is attached to the rfng stand clamp. 



4 

5, 



Check the. wf?Tik^peed using the wind rreter. 

Place the wind machine in position .and measure the time it takes 
.for the mass standard to* be lifted to the axle. ■ 
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6; Repeat Step 5. 

7. Replace the 20 g m^ss standard with a 50 g mass standard and repeat 

Steps 5 and 6. - 

8. Make two trials with one of the mass standards using a different . 

wind speed. > , 

9. Make two trials with one of the mass standards using larger fins. 
10. Record all data in the table below. . 

DATA TABLE 1* 



Barome*tric pressure (mm Hg) 

Temperature fj(^C) ^ 



Trial No. 

a 


V (mph} 


V (m/sec ) 


1 — — 
Mass (g)'* 


Mass (kg) 


h (m) 


t (sec) 


















A i 










• 








' t 


— ■ — ; ' - - 


■ 'f<^ ^ ' 


—IT- 












• 
































•1 ' 


- — ~ c — 








<• 






4 — ■ — 


J- — — — — ■ 




w 







CALCULATIONS: . Density varies with the temperature 4nd pressure according 

— II 4 • . * ' 

to the Ideal Gas Law: 



where: , T, ^p^-P] are the volume .absolute temperature and pressure (respectiv 
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STP (Standard conditions of Temperature and air Pressure) and v^, and 
reflfct your local conditions. . ' , ' 

Jyrce i 



"Stjfce the density has an inver-se relationship with the volume: 



P 2 = P , T,P2 
TT" 



/o>um 



.•• • ^ 



X3) . 



where P^>is STP density and is classroom air density. . 

'3 

(Density of air at 0^ and 760 mm pressure is 1.30 kg/m .) „ 
Convert to the'd^sity at your location and room temperatuj^e. 

(Reminder: Temperatures must be* expressed in Kelvin degrees to u^e ^he 
Gas Law*. ) • f • , 

Conversition units needed: * ' ' > 

v3 



1 mi = 1-61 X 10 ■ .nffiters 
3 

1 Mr = 3.6 X 10 sec 
1 g = ,001 kg 



c^accelera^ioffdue to gravity)^ 9,8 meters/sec - on the surface of the earth 

. . CALCULATIONS 



Trial No, 

/ 


4 • 1 

« 


Diameter 
- (m) . 


^ Area 


Power input 

(P.= 1 PAV-^) 
^ 2 


Power output 


Efficiency ' 

.output ^QQ, 

Mnput.^ ™^ 










r ' .. 










< 




^ul— 










( i 
























1 • - 


• 

A 






J 


T ^ 










• 


q 


V 


" ^ - — " — " — — ' • • 

f 




• 






10/ 









"S. * 
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•*mJlCLU^ION: , Include in your written conclusion: 1) ttte efficiency values t 
' yom obtaifVed terms of the theoretical value. 2) th^ relationship between 
••the ;jowp»/at!tput,a'^d' the velocity of the wind, and *3) the relationshrp between 
the power oi^tpi^t and the area of the Aeroturbine. ' . • " 
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QUESTIONS: 

• 1. Hq^w c'buld fr1ctj9n in ^'Wind ntachine reduced?- , 

2. What :;4s . the single most impo|^ant factor which redyces the ^ 
theoretical efficiency to 59.3%? 

'af Why is,-the'a9t^uaV efficiency less tjianahe ^theoretical -efficiency? 

4. What n»jor^ factor would reduce t^e amoun-t of power obta|jne{l from 
a^ftffl-sized wind machine? - J . . 

5, list areas of major cost in erectlsg a^iswnd. macW^^^ 

■ ' , - 4. 

• ■' 

E XTENDED ACTIViriES :\ : • . - . ' _. y 

1. Build: a gwdel wind nachine designed to operate mg^e efficiently. 
*2.' Writtf a report on wind generators. , - ■ . . 
. 3\ . Write a report on the strucjture of fins. - 

4. Write a report on placement of wimr maphines fn terms of local and 
regional topography. . 

5. Wind machines opera^Q| w^en Ihe winds range from 10 to 20 mph. : 
'Study your, locality to check whether a wind maidj^ne would be practical. 

6. Write a report about ^ow the winds are dfiven by the sun. 



.. ..... • TEACHER'S GUIDE ' . , . / 

OBJECTIVE ; The student wil} demonstrate the power of ttie wind, determinp 
the'anioSnt Of useajale -powej^' that can be extracted from- the i^ind/. and 'dpter- 
mine the effect of wjnd velocity and aerpturbine^rea on power output. 



6ACKGRPUND : Thef^ vte*! th of informaction aboiit^wind power fs "hlmost overwhelm- 

\ . , . , ' - ' ' ' . ■ - • 

fng:- There are records of qua'ntjtative studies done as early as 3759. . . 
Understandfjicr how wind is produced makes a. fascinating, study, tropical ,air 
rising to%he upper lev.eKof- the troposh^re causes cold polar air tq nwve 
in to replace the rising wa-rmer air.^ Coriolis forces, #resul ting from the 
rotation of the ear^h; also* play a large part.. Localized winds, of cout*S'^ 

« 

depend on the topography Qf^^an area. ' • . 

>,, • , 

Historically, wind power included using sails'which were attached to 
boats and bifcycles. The first winc&ni.ll was used to grind grain, and those 
wind machines used to pump water, th'eir most common usage in the U.S. , 
are actually wind pusjps. Wind machines used for g^nerati'ng electricity are 

cal-led wind generators or wind chargers. . . 

• > '■ 

Students may. be particularly Interested iri wind power to generate 

electricity. 'Supposedly, home wind generators are -capftile of genera1:ing 

« / . , 

electjricity into a power grid when both systems are hoolced together. 

U 

Home Energy - How To has a very practical description of the advantages and 

disadvantages of home wind generators, as well as approximate costs of some 

recent attempts to harness wind for. t"he gjeneration of electricity. 

, . t * 

Wind energy as an alternative sdurce of power has several major draw- 
backs:. 1) Wind.doQS no^ bilow steadily. 2) Storage of energy produced from 




0'/ 



" wind has many more problems than jt^rage^df ehergy frm the. sun. 3) The 
■ super-structure Vequired. to- support a w.ind' generator adds appreciably to > 
• the cost. .4) Wind.energ> a-t ar'particular lopatic^n is hard to quantify.. 
Although many studies hSive been doae on-the types of rotors and. in the case 
'of propeller machiQes, the' type^. of blades ihich;vK)rk best, most of thesa 
studies aire essentially flualitative-tn nature. > most useful quantitative 

study* is des£ribed belw*. . . • ' J~ *#. 

' ^■ A. Betz in *Gern^ny calculated the theoreti^l efficiency of wind ' 
machines -by applying the'mofhentum theory usedVfi^;ship's propellers. Three/, 
• ve.lociti^s's?(ist)when wind passes 1;hrough a win^^ihachine: 

-V, = wind speed before the v rotor v ' . • 

1 . ■ . -{ > " • .* . 

• ' V = wind speed through the rotof , . ' 

' ' ■ * t " 

V; «= wind! SB&eA beyond the rotor ^; . 

If M is theSCs^%| air ^ssing ^through the rotor per unit tinre, the 
. rate of change of momentuni is M{V^ - V^) and th/s is the resulting thrust. 
Power can be found by multiplying the thrust by V: M(V^ - V2)V = Power. 

The rate of change of kinetic^ ^ergy is 1/2 M(V^ - (1) 
which, when simplified, indicates that the wind speed through V^e rotor 
equals the average and Vgi or ' 

u =_J t. 

The mass of air passing thro^i^h the rotor per unit time is equal to the air 
density times the area of the rotor, times the wind^locity : 

M = pAV ' 



/ * ■ »■ 

The p()wer.* P. is , • * 

Substituting V (V^ + V2)/2, 

Substituting p = V2/V1, power -tjecomes . \ ' ' \. ' 

. p'= p^^i .(1 % ) (vc^ ) 
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Multiplying to simplify. 



_ pAV 



1 (1 + a - 



a') 



\ 



differentiating. 



,3 



ctd —7^ — 

dP * 

The m|ximum power occurs when the slope ^ ""O- - 
Solving for a , the power is maximum when a =• V3. 

Thus, the power is maximum when the final velocity, V2,^is one-third*of the, 
upwind velocity, V^. * . / 



.Maximum power is obtained when 



pAV: 



P = AV^ X 8/27 as compared with P =~~- j~^- in the wind. 



/ 



originally, or 16/27 (59.3%) becomes the maximum obtainable powtr. / (Refer 
to-E.W. Golding, The Generation of Electricity by Wind Power. ) A^similar 
coefficient has been .developed for propeller wind machines, usin^ aerodynamic 
principles of lift and <Jrag. In that case, the coefficient is s^lightly 
higher, abou|^68.7%. 



Both'derivatfons Ignore such factors as friction. and other losses, resulting 



in the actual maximum efficiency of 40%. 



o 
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If students are familiar with rotational calculations, it is possible ; 

to approach the problem in terms of torque. Since the wind is Acting 

perpendicular to the face of the wind machine .'-only that force which is 

acting pafrsllel to the face Of the wind machine on- the tipped blades will 

produce a torque. This torque will, in turn-, set up an angular velocity 

which fja^ kinejHc energy *or power in terms of energy per bmit time. This- 

must be tr^slated into linear energy to lijt the mass attached to the 

shaft. / . ' ' . 

/ * • > * . 

. -Listed be*low are some references. Practical -minded students would 
also enjoy articles from Popular Science or Mother Earth News which tend 
to feature unusual uses of alternativg^er^. 

MATERIALS : 'OneTet of Tinker Toys, Set 136 (about $4.95) can supply 

f 

eight sets of wind machine heads, if you use only one axle housing"; four,- 
if you use two. If your class is small, a more stable wind machine head 
can be prepared by using, two axle housings attached to two clamps and two' 
ring stands. These axle housings are called 'W in the set. The or.ange 
rods form the spokes, and the order for the rest consists of spool, blue 
rod, axle housing, spd«Dl, second axle housing (if used), yellow rod, string, 
final sp^l or a wheel. Each of the 'W pieces (axle housings) must bo 
secured by th|e orange washers supplied or lock washers. You may also^have 
to cut extra pi ece;5 the same size as the orange rods for spokes. A. hand- 
held wind meter is available for under ten dollar^. 'If you have an anemo- 
meter available, it wQy.ld'be irore accurate. 

A propel lep- type, portable fan with variable speed control which is 

larger than 12 inches in di.ameter should supply speeds from 10-12*mph. , 

. ' i • ,, , 

r I 

A rheostat (try borrowing one frwn the''drama dept.). would make it possible 



\ 



tQ use more precise velocities; e.g., 6 mph ,<3r 12 mph, 5 mph and 1-0 mph, ' 

% . ■ /■■ 

which, would make the increase in |X)wer as a cubic function of the velocitj^ 
easier to observe A streamlin ing grid consisting of "inch- wide boards 
placed in a network of squares (about 2* inches square) will redu€e turbu- 
leoce. A wind tunned perhaps made from a large cardboard box; might in- * 
crease wind speed and re<^ce turbulenpe. • ^ 

' ' '■■ .1^ 

TIME. REQUIRED : One period for actual operation, with 6 to 8 groups. Morfi 

■ • • ' 7" 

time may be neede4 tif you choose to give an introduction 'to wind energy/ 

and its technics! potential- or if yo'u feel that calculations need to be 

done with your-tl$ss. , , ' 

SUGGESTIONS: . . ' • • 



Answers to questions: • ' - f , ■ ' 

■]. Use an oiled metal axle holder. 

2^ The fir(S--not all the wind power can be captured. 

'\ . ' 

. 3. Theoretical does not take into account frictjon losses, etc. 

' ^ . % ' .' ■ 

4. Wind is not steady. 

5. Support structure. ■ • . 
Students will do well to get 5 7- efficiency. 

Cardboard fins may be made out of heavy cardb6ard (such as a p'uzzle 
box). * , 

ADDITIONAL ACT IVlYlES: 

1 

* ' 

%, 1. Determine the maximum lifting mass for the wind machine. 

, 2. Measure the effect of increasing or decreasing the number of fins. 
3. Change the shape of the fins. Measure the effect. ^ 
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A, 4. , An advanced class might wish to bui/fd a school wind generator. 



tL Mot her Earth News Handbook of Homemaife Power . .Bantam Books. Inc., 

New York. Ntew York. 1974; Many cJever ndeas. * ? 

tond. A. J. . Home Vnergy How-TtT . Book -Divjsldn. Tinfes Jlirror Magazines. 

i Inc.. Marperland Row. New'Yprk. 1977. Very p'ractipal. Also realistic 

. . . ' • \-/' ' • . I ' ■ " 

01* costs. • ' ^ K ' 

*■ ■ \ *• *. 

GQldino. E.W.. Tfie d^neratitn of Electricity by Wind Power. -Halted Prggs 
Book, ^hn Wile^ and Sons.' Inc.. New YoHc* 1955. A very technical 

, / book. . * • , 

Crowther. Richard L.. SurTEarth . A.B. Hirschfield Press. Inc.. Denver, 

Colorado. 1976. Good general information. 
Hamilton. Roger ^nd Emory Kristof. "Can We Harness the Wind?'\ National » . 

Geographic . Vol. 148. No. 6. December 1975. pp. 812-829. Good pictures. 
Hackleman. Michael M. Wind and Windspinners . Peace Press. Culver City, 

California, 1974. Interesting. 
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ANALYTICAL DETERMINATION Or THE SOLAfe ANGLE OF INCIDENCE 
ON A FLAT PLATE COLlEtTOR , 

I / 

I NTRODUCTION : Consider the rays of the 'sun as sout^ces of heat and 
ejergy. . Many" calculations for solar energy are applicatiorUltif, 
basic*trigonoiretr^ / / ' * ^ • 

.PROtEDURES. CALCULATIONS AND RESULTS : ' ' 

A. Consider a flat plate solar collector as an example (Fig. 1) 





SUN'S RAYS 



.FRONT - 



SIDE 



Figure 1. Flat Plate Solar Collettor , 
Note that the sun's rays are considered to be parall^. The place- 
ment of the flat -pi ate of the collector relative to the direction of the 
sun becomes critical. The direct normal component of solar insolation. 



IS given by the formula 



lu = I • .cos< i 
b maximi^ 



0) 
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v#here< i is, the angle of incidence as, shown in Fi,g: a and In^ximum 



# • 



amount of solar i/isolatlon on a flat surface* 





SOeAR COLLECTOR, 



f 



Figure..2. Side View of Collector 

Does it seem logical that the maximum insolation will be received when 
the sun's rays are perpendic^ular to the collector face? Verify this from 

the formula I *= I cos <3L i when ^ i.= 0°. (Hint:' Recall the gtaph of 

D max • . 

the cosine shown in Fig. 3. ) - ^ 




Figure 3. Cosine Curve 
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(Note that the 'graph of the cosine is at a maximum when i \0.) 

Once 'the collector plate is in place, the sUn' ¥(jn tirave relative/to 

♦ 

the collector. Note the a^pparent motion of t^e sun.s '* • 

Exercise: What percentage of the maxinwm insolation will the solar collector 
have available as the angle of incidence varies? (Hfnl: Use equation (1), - 
trig tables or the trig function? fin a calculator to work the following- 
excercjse. ' . r ' 

EXDERCIS€': 



Angle of 


Incidence, 4^ i 


^ftC^flaximum Solar Insolation 


. a) 


i 


= 10° • ; 




b) 


1 


= 20° 


f 




i 


= 30° 




. d) 


i 


= 45° 




e) 


i 


= 60° ! 




f) 


1 


= 90° 








— » 


—J ^ — -. ■» ' — 



After 60° you might as well zip yourself into a down sleeping bag and 
forget about splar energy. . 

B. Determining the Angle of Incidence . Now that you can see the effect 

0 

of the angle of incidence of the sun's rays on the collector pl^te, of what 
Ms that angle i 'a function? How does one determine 4l i for a south-facing 
•collector? 

Part 1. DETERMINE 6 • * " • . , 

First, let's consider % 

' 6 = the solar declination angle. ' 
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This angle varies with the day of the year as the earth rotates around the 
sun and cMnge? because the earth's ixls.is "tilted" 23.5° from tNe verti 
cal . See Figure 4. 




N23. 




EARTH 







Figure 4, Earth's Revolution Around the Sun 
To find the solar" declination -< 6 for any day of 'the year. 

Let Jan 1 = day 1 , • 

Jan 2 = day 2 
' Jan 30= day 30 

Feb 1 '= day 32 ' ' ^ . , ' 



Dec 31 = day 365 
Then ^6 - 23.5 sin [aeot^^^g^)] 



(2) 



Examples: 



a) • 'Janl.<6 = 23.5 sin '"-'284*^1- 



I 

* =. 23.5- sin 281*. 10 = -23.06 



b) ' : )^ar 2] „46 ^ ?3.5 ' sin |366{.^§|5^)j 



= 23.5 sir^naeo 



= 23.5 sin 360° 



= 25.5 £ 0 
= 0 . 



Note that March 21 is the Vernal equinox when the day and n,ight afe of 
equal length. How convenient that on that day, sin = 0 and that , the angle 
of declinati'^n ^6 = 0. (Of; course, this is not ^ coincidence.) 



Exercises: 



Find < 6 for the following jdates using Eq. 2. 

a) May 21 ^ 
(day 141) * ^6 _ 

b) September 21 
(day 261) 

(Hint: September 21 is the autumnal equinox) ^6 

c) 'Dec. 31 

. (day 365) <5 



Pari 2. DETERMINE L 

Now that you have found 5 , the angle of solar declination, con- 

♦ 

sider the lat/tude L of#-the site of the flat plate collector. Th 



/ 1 



is easy enougn to find on a map. a globe, or an atlas.. (Let L = 40 N un- 



less otherwise specified). Se^ig. 3. 




EQUATOR. L'O" 




r 



Figure 5. Latitude 

3. Determine H 

Next, consider. H. the hour angle, for you know that the sun's 
angle varies throughout the day. '.The hour angle. <H =M5° x the nmbet 
of hours away from solar noon. ' ^ 

A quick a pproximation may be made by using local standar d time. 



= (12:00 - Standard Time) " 15 /hr^ 



4 



(3) 



Examples: 



at 11 a.'m.- (1 hour' before noon). = +15 

0 

at 9 a.m. (3 hours before noon). ^'H = +45 
• at 7:30 a-fr." (4.5 hours before noon), -iH = +67.5° * ' ^ 

at 2 p.m. (2 hours after noon), <iH = 30° 
Part 4. DETERMINE a . ' ' 

Now we* have the information we need to find a . the angle between 
the sun and the horizon. The solar altitude, a . as seen by' an observer on 



tKe earth is depicted in Fig. 6. 



/ - / 



■ 




SON 



HORIZON 



figure-6 ; * .Sol ar- Al ti tOd^. a 



a is det6*tffincd by Eq.' 4: 
sin a = (sin L sin 6 ) + (cos L' cos 6^ cos H) 



/ \ • 



,'wh|^re >0'J wi'y' reciin. 
oL = latitude 
6 = angle of declination. 
f/= hour angle 

Example ; Find a at L = 45° north, at 10 a.m. standard time .on 



I 



March 21 , where 6=^-41. . 

H =^il2:00 10:0Q) x 15° - iO^ 



(from Eq. 3) 



Then - from Eof. 4 : 
sin c. ■■ 
sin a 



(sin 45° Sin 0°) +(cos 45° ''cos 0° * cos 30°) 
(*707 • 0) + .707 * 1 • .866 ) 



sin a = .612 
ex = 37.76 



0 
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Exercise : Use some of the data you haver^ found from previous exercises 



u for 4. = 40 north, H. = TO a.m. standard time on May 21 
(Day 14): 



^6 = 



(Hint: Use ^. 2.) 
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(Hint: ^se £q.3 ), . 

t 

(Hint: Use'Eq.-4) 



Part 5. DETERMINE y , * 

There is one more rtecess.ary preliminary angle ■tS'fiaii. 
Y = the solar azimuth, the angle in tlifi horizontal plane be- 
tween due south and the projection'Of the stin's^ rays. 



c- ■ • 



P 



See Fig. 7*: 




Figure, 7. Solar Azimu^ 



The solar azimuth e^ngle, y , is given by* 
sin Y 



cos5 sin H 



cos a 



Example : .Find y the example in the i^revious section where 



L = 45^N 



12:': 
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and H ^ lO a.m. standard time (H = 30°) on March 21 



where 5 = 0° and. a = 37.76° 

0° sin (+gl 

cos 37.76" .7905 



. cos 0° sin (+gO° ) = (1.0) (.5 ) =/.632 
Then, nn y = cos -1^ 7ft" .7905 / 

y ^ 39. 23° 

Exercise : Find y for the exercise in Part 4 

Part 6. UETERMINE i 

Finally, we have enough information to -^ind <i, given by 

cos ,4 i = (cos a cos Y sin e ) + (s'in a cos e ) 
where, 0 = the "tilt" angle of the* solar coMector (i.e., the angle 
between the collector and the horizontal). See Fig. 8. 



SOLAR 
COLLECTOR 




0- 



• HORIZONTAL 



Figure 8. Tilt Anglg^, 0 
Example : Determine the angle of incidence^ between the sun's rays and a 

" flat plate collector surface tilted at an angle e = 5o" on July 21st 



9 » 



/ 
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at 11:00 a.m. The collector is locatedat 40° north latitude. 



5r IS J oca tea at 
a. 6 =23.5 sin U (2M_^,] = ZCSS" 



b. sin a ^ (sin L- sin 6 ) + (cos L cos 6 cos H) 

' = sin 40° sin 20.44°) t{cos 40° cos 20.44° cos 13°) 
• = .9179 



66.3° 




cos 6 sin H _ c os 36.55° sin 15 ° 
^' ^ = ^ " cos 66.63« . 

sin Y = .6108. 

Y = 37.65° ' I 

d. cos i = (cos a cos y sin 9 ) + (sin a cos 6 ) (6) 

= (cos 66.3° cos 37.5° sin 50°) + (sin 66.63° cos 50°) 

^ .8307 

i = 33.83° , 

Finally, we have found that i = 33.83° and cos i - .8307. Therefore, by 
Eq. 1, one could collect 83.077. of the maximum insolation. 
Part 7. SUMMARY. In order to do the calculations required to find jthe per- 
cent of the available energy a flat plate solar collector could absorb, 
one must give his trigonon^try a real workout by finding: 

1) 6 - the solar declination for a given day of the year. 

2) L -the latitude of the site. 

3) H - the hour angle fo^ the time of day. 

4) a - the solar altitude 

5) Y - tne solar azimuth * .c. 
' 6) e - the angle of "tilt" of the collector. 

7) i - the angle of incidpnce. 
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CONCLUSI PN; 
Return tc (Eq. 1 ) , 



cos i 



where I 



max 



is the maximum amount of solar insolation that falls on a 



flat Surface. Assume idealized conditions, i.e.. no reflection off 
"the collector surface, no diffuse beam, clean plates, no loss to 
smog, fog, shade, etc. Then. I^^ = 1000 watts/meter^ (this is a 
good round number estimate). Then, as an example, using the 



sample problem from the last section, where 



i = 33.83°. 



L = 1000 . cos 33.83- 

0 



= 10^ . .8307 = 830.7 watts/n«ter 

t 

■ FURTHER INVESTIGATIONS. 

Instead of using a fixed plate, can you see the advantage of 
devising a n^thod for your collector to "track" the sun, or follow it 
Tcross the sky? Or, instead of using a ^flat plate collector, think 
about the characteristics af a parabol;^, one of the conic spctions.v 
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Figure 9. Parabolic Collection 
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The parallel rays from the. sun will focus at a given point, the "foMl 
point" of the. parabola. Tracking devices and focusing collectors are now 
' available. New worlds are open to you. 

In conclusion, by using basic trigonometry, you can work your way 
through a typical engineering problem in solar heating. Now ygu can make' 
up your own data and use the ftfTmat be Vow, to solve ^our own problems. 

Format for. Solving Problems 
Given: A site where latitude L = • . ' " 



Find: 
t. 



Time of day (standard time): 
Day of the year: 
the tilt angle e = 

1) 6 =_ 

2) L = 

4) a - ^ 

5) > = f 

6) . i ■ = 

7) 



(Eq. 2) 
(given) 

(Eq. 3), 

(Eq. 4) 

(Eq. 5) 

(Eq. 6) 

{'Eq. 1) 
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GLOSSABY OF TERMS AND SYMBOLS ' . . • 

Insolation - the rate of solar radiation received by a unit surface 

2 

in a unit time (units of watts/meter used here); • 



Angles - all in degrees : ~- 

Solar Declination { 5) - the angle between the equatorial plane of 

t 

the earth and the sun's direct rays. 
Solar Altitude (a ) - the angle between the horizon and the sun's 

• * 

direct ravs. Solar noon occurs when a is a maximum. 
Solar Azimuth ( y) - the angle in the horizontal plane between due 

south and the vertical pr®je£tion of the sun's rays. 
Latitude (L) - angle between the equatorial plane and the ot^server. • 
Angle of Incidenc e (i) - the angle between the sun's direct rays 

and the perpendicular to a 'surface. 
Til t Angle (o)- the angle between the collector surface ani^he horizontal 
Hour Angle (H) - l^-^-^ = 15°/hr from solar no(in 
Conversion Units: 



24 hr ^ 



1000 watts = 1 kilowatt r 34^3 Btu/hr 

1 langley = L^^^^- 369 Btu/ft^ 
cm > 



1 9 ' 
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TETHER'S GUIDE 

OBJECTIVE : Enrichment in trigonometry, grades 11-12. At the end of the^. 

course in Basic Tr4spnometry, some students ask, "What is it good for?" 

As enrichment far such a sti/dent, this unit could be used to illustrate a 

timely application. ^ . 

BACKGROUND REQUIRED : An understanding of trigonometry. 

TIME REQUIRED : 4-6 hours of individual student's time. 

SUGGESTED FOLLOW-UP : ^ . 

* 

a) Determine the solar insolation constant. 

b) Design and build a flat plate. 

c) Design and/or build a parabolic collector. 

d) Reading - There is a glut of iiaterial on solar heattng. Many 

journals, books, texts, etc. are flooding the market; write to 

/ 

SERI in Golden, Colorado for up-to-date bibliographies. 



Answers to Exercises 

Section A. a) 98': 

b) 94% 

c) 87% 

d) 71% 

e) 50% 

f) 0^ 



Section B. Part 1) a) 20.25 

, b) 0° 

c) -22.94° 

Part 4) 6 = 20.14'^ 

* ' a = 57. 58*^ 

Part 5) Y = 51.12^ 
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• V #1.2. LET THE' SUN DO IT 

V- \ 

PURPOSE :' 'I^ determine the^Wst efficient way to utilize the sun's energy 

for heating by experimenting tt^ home design, insuTation, and color. 

"/'s * . 

INTRODUCTIO N: One purpose of a ^heUer is to moderate extremes of tempera- 
ture. The combination of a fossil 'fuel .shortage and the high cost of living 
enhances the need for sol^ir heating. Proper planning and construction of 
a building to make use of the sun can r^uTt in energj^ savings. A technique 
which employs the conventional parts of a 6i^i1ding to collect, store and dis- 
tribute solar heat without energy-using nKChanisfhs is called "passive" 
solar heating. ^ 

Collecting the^sun's energy involves three basic reqgirements: 

1. The'house itself must be a solar collector* which means the sunlight 
should be let in when needed. . \ 

2. The budding should be a storehouse for heating. Heavy materials 
such as stone or concrete accomplish this. 

3. The house must be a heat trap. Insulation, weatherstri pping, 
shutters, and storm windows help fulfill this requirement.^ . 

The optimum shape is an elongaJ:ed buij^ng with an east-west axis. Thi^ 
design should permit the greatest number of windows facing the soDth and th&^ 
least facing the north. 

MATERIALS : Cardboard, Saran wrap, masking tape, insulation of some type, 
material for carpet, meterstick, thermometer. 

PROCEDURE : , 

'l. Choose one model design from the model page below and construct your 
model home of cardboard with a. 45 m^ - base - .50 m^. Windows should cover ^ 
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MODELS 

These are side views of the model homes. Each "home" should be ori- 
ented outside with an east-west axis. To insert insulation, walls and 



ceiling should be made of two pietes of cardboard 1 cm apart. .Fill in 




2 2 2 

600 cm ; 450 cm on the south, 150 cm on the east and west sides. Use 

■ . ■ '\ ■ 

Saran wrap for- windows. To construct walls use ^wo pieces of cardboard 
spaced 1 or apart. Fill in with specified insulation. All inside walls 
will be a light color/ Carpet colors will be specified. 

2. C^hipute the voltm« of the hoire in m . (The voliBne'of any regu- ' 
lar prism 1s Ah where A is the area of the base 'and h is the^height. ) 

3. On a cold, clear day place your model home outsidi^for approximately 
one hour, oriented with an east-west axis. , 

y 4. With a thermometer, check the temperature outsidej and record. Then 
check the temperature inside at 10 minute irftervals until no further temp- 
erature increase is observed. . 

5.^ Plot a graph of temperature as a function* of time. Complete the 
data sect ion. below. 
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DATA: Volume of building. 



Outside temperature 



°c 



Final inside temperature ; 

Specific heat of air = .248 kilocalories/kg °C 
Mass of im of air = 1.29 kg. 

QUESTIONS, PROBLEMS. AND CONCLUSIONS : 

1. Define: calorie, kilotalorie, Btu. 

2. Using the fonnula. Q = mc i^i^,^^^,' \utsi6e^^ "^^'^ ^ 
kilocalories, m is the mass of air contained in the model in kilo- 

♦ 

. grams > c is the specific heat of air in kcals per kilogram per 
degree and T i^ temperature in degrees Celsius, find the amount of 
heatvstored in your passive solar hone in kilocalories. 

3. One Btu = .252 kcal . Express your answer to #2 in Btu's. 

4. Compare the amount Of heat stored in ^our model solar home with the 
models made by your classmates. 

5. What conclusions can you make regarding the passive heating capa- 
bilities of the various irodels tested? 
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- . TEACHER'S GUIDE * . 

OBJECTIVES : At the completion of. this experiment the students should be 
able to: 

1. Calculate the amount'of heat stored in_a given volume of air. 

2. Understand the meaning of passive solar energy, 

3. Utilize the reflective and absorptive characteristics of interipr 
colors. 



BACKGROUND: 



"Now in houses with a south aspect, the sun's rays penetrate into 
the porticoes in winter, but in summer the path of the sun is right 
over our heads and above the roof, so that there is shade. If • . 
then, this is the best arrangen^nt, we fhould build the south side 
loftier to get the winter sun and the north side lower to keep out 

' the cold winds." Socrates (469-399 B.C.) as quoted by Xenophon in 

^eirorabili a. ^ 

* Passive solar heating is defined as the technique which Clses the con- 
ventional parts of a building to collect, store, and distribute solar heat- 
without energy-using pumps or fans. Generally, it relies on the south wall 
to collect? and store heat. Other inoovators have used 55-gallon steel drums 
filled with water to con'struct the south wall. The water heats b^ day and 
radiates inside the home at night. A home with proper design ^nd construc«- 
tion can result in energy savings. 

As can be learned from the quQ,tation, solar heating is not a. twentieth 
century inventicn-. According to Roman regulations the axis of a military 
camp had to be within 30° of true south. . Teotihuacan, a Meso-American city, 
was laid out on a grid 15° west of south. Pueblo Bonito was built by the 
Indiarls in Cfc^co Canyon, New Mexico, between 919 to 1180 A.D. The semi- 
circular structure with a 520 ft. diameter and four stories high housed 
1200 inhabitants. The plan of the structure was based on the position of 
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the sun iri the sunnier and winter soUtices. Surfaces were exposed to 
more radiation in the winter than in 'the suimer. Wall and roof corrstruction 
was varied in thickness and composition to store the sun's heat and to per-.^ 
mit the proper time lag of the day's heating effect to rfdiate into the 
interior at night. The Acoma Pueblo near Albuquerque was built on a-similar 
plan. Early New England houses had masonry-filled walls and compact lay- 
outs to minimize heat losses during frigid winter months. Many colonial 
American homes had high walls and windows oh the south^while a low sloping 
roof faced the north. 

Since an abundant supply of cheap fossil fuels became available during 
the present century, the sun was ignored in designing buildings. Now high 
- costs and the shortage of fossil fuels have* reversed the situation. 

i § * 

f 

.TIME REQUIRED : 3-10 days / * . ^ . ' ^ 

MATERIALS : Each group will need a sufficient amount of cardboard (packing 
boxes will suffice for a source), masking tape, Saran wrap, material for 
walls and floors, thermometer, meters tick. 

SUGGESTIONS : This experiment can be a group project with groups of three 
or more as the instructor deems advisable. One model can be built with a 
standard inverted v-shaped roof and no insulation to serve as a basis for 
comparison. The other homes can be varied according to types of insulation 
in wall and ceiling, color of carpets' and chosen design. Model designs have 
been developed so that subtraction of results from two models will yield a 
difference attributable to one varia^Te^^ 

^ 3 

SAMPLE PROBLEM: Assise a model has a volume of .2m . Find Q (anraunt of heat) 
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c = Specific heat of air = .-248 kcal/kg .°C 



0, 




T, = final inside tepiperature = 20 C 
Inside ' - 

To' X -J = ambient air tanperature = 0 °C 
Outside 

Mass of 1 air = 1.20 kg . , 

Mass of air in kg contained by model = .2m"^ x ^'^3 = -258 kg 

. m 

Th^^n d = mc (T - ) = .258 kg x '^^^ ^^^^ x 20.^C = 1.28 kcal 

Then y ^'inside 'Outside{ ''^ . ^ kg C 

SUGGESTED FOLL OW-UP ACTIVITIES : 

1. Let any of the nrndels heat up to "its maximum capacity. Open and 
close a door at minute intervals for twenty minutes. Graph the 
temperature as a function of time. Conclusions? 

2. Add a "fireplace" (do not ignite) to one of the homes. Observe the 
temperature inside the model as the "flue" is opened and-close^l. 
Conclusions? 

t 

3. Vary orientation of the ^ same houses. 

4. Calculate mass of air at local conditions using gas laws. 

RE FERENCES : ' . ' 

The Solar HomeBook , by Bruce Anderson and Michael Riordan, Cheshire 
Books, harrisville. New Hampshire, 1976. ; k 

Homeowner's Guide to Solar Heating and Cooling , by William M. Fosten. 
Tab Books, Blue^Ridge Summit, Pennsylvania, 17214^ 1977. 

Designing and Building a Solar House , by Donald Watson, Garden Way 
Publishing, Charlotte, ' Vermont, 15445, 1977. 

Physics: Energy in the Environment , by Alvin Saperstein, Little, Brown, 
and Company, Boston. 1975. • 

Direct Use of the Sun's Energy , by Farrington Daniels, New Has^n, Yale 
^University Press,, 1974. 
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#13. . CONSTRUCTING A MODEL GREENHOUSE 



PURPOSE : The purpose of this activity is to provide students with^aYid experience 
of constructing a rwdel^ sol^r greenhouse from th6 materials provided aiid to 
determine quantitatively the total heat gain/ ih Btu's, for the solar 
^greenhouse. . ' : * 



INTRODfUCTION: This activity is designed- especia^l ly for the student who 

— r ..J 

likes to eat. Realizing .that oyr pr^sent energy resources' are being 
depleted rapidly, we must seek other usel^ul fonns of energy for long term 
use and storage. This is ap|51icab1e to food production., . 

What is a solar greenhouse? The term solar greenhouse generally , 
refers to greenhouses whose heating and light requiremepts are largely, 
provided by the sun. All greenhouses receiye most of t'heir light from the 
sun and. recently some have been designed to use the sun for heatTng as" 
well. Solar greenhouses collect and store solar energy for heating and 
are well insulated so that the heat may be used at night and during cloudy 
periods! • . ' - , 

MATERIALS (per group): , - 

• ■ * 3" 

Cardboard bo"X 33" x 20" x 20". Box size may vary 

Styrofoam - enough to line all interior surfaces of greenhouse 

■ •. ^' 

Alum.inum cans, 16 - sjtandard pop cans 

High temperature, non-toxic, flat black paint - 1 large spray can 
Saran wrap 

One/-hole rubber stopper. 

Thermometer - 300^ maximum (oven thermometer) 

\ ■ ■ . ■ 

« • 
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Glue . " 

Mdskimj tape , 
Knife or razor blade 
Ruler 

Pencil - 

« 

Data sheet ' ' 

Graph paper 

PROCEDURE : 

Day 1. Activity 1 

« 

1. Construct your solar greenhouse using the cardboard box.. (Refer 
to Fig.. 1 for plan.) 
^ 2. Insert thermometer into one hole rubber stopper and then insert 
9 Stopper centered into side of greenhouse. 
3- Cover the opening with one sheet of Saran wrap. ^ • 

Day 2. . Activity 2 ' . 

Place your greenhouse on the south sijde of the school building with 

« * 

the Saran wrap surface facing south. t 

1. Record the ambient air tenperature on a data sheet |nd record the 
"greenhouse" temperature every two minutes on your data sheet. 

2. Note changes of cloud cover on data sheet. 

3. Graph the temperature as a function of time for outside and 
inside. 

ft 

Review Questions for Activity 2. ^. » 

' . 1. How fast did- the greenhouse heat up to its maximum temperature? 
2. What maximifln temperature was reached? 
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3! ,What effects do weather conditions have on a solar greenhouse? 

Day 3. Activity 3 
V 

1 . ' Retiiove Saran wrap and thermometer. ' 

2. Using ruler, knife -and glue, insulate the interior, walls of 
the greenhouse with styrofoam. 

3. Paint the interior of the greenhouse with flat black, non-toxic 
paint. , . 

4.. Paint all sixteen aluminiin cans with flat black; 
Allow everything to dry until next day. 

Day 4. Act ivity 4 

i 

1. Fill aluminufn cans with water and cover holes with masking 

. tape. Record weight of water. Fill each can with same amount. ' 

2. With masking tape connect jaluminum cans side-by-side in four 
groups of four. 

3. Tape each set of cans on top of one another, and attach With 
tape oc*staples to the back of the greenhouse. 

4. Touch-up inside of greenhouse with flat black paint. 

5. ' Inser^t thermometer into side wall by pushing through styro- 

foam. 

6. Stretch one layer of Sare^ wrap over opening. 

7. Place greenhouse on south side of school building exposed' 

to the sun. Record ambient air temperature on..d^ta sheet, and 
record inside temperatures at two minute intervals for, fifteen 
minutes. 

8. , Graph temperature as a function ^of time for the n.dxt class meeting 
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Day 5. Act iv i 5 

. f* I act'^ ijroenhoust* ouls1<lt»'dnd reconl t.c*ii»|M»rrtturt« fur intiM»M ^ 
minutes. Remember to record ambient air t«nperature first. 

2. Takgf greenhouse inside and record the temperature for fifteen 
minutes. Continue to observe temperature cl^ange if change 
occurs slowly. 

3. Construct a graph of temperature as a function of time for your 
model from data sheets. Compare graph with uninsulated greenhouse- 
Day 6. Activity 6 

1. Using data provided by your teacher, calculate the heat gain for 
Activities 2, 4 and 5 in btu's/hr on the "collector" surface. 

2. What effect did the insulation, black paint and cans of watfer 
have on tQn(JBrature change? 

•3. What changes* can be made in construction of your model to allow 
it to collect rrore heat? ' 

4. How might a simple solar greenhouse be constructed to provide 
heat for a home. 
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TEACHER'S GUIDE 

Is 

OBJECTIVE : The student will construct a model solar greenhou^se, determine 

' ■ t 

«■ « 

quantitatively the number of Btu's "collected" by the solar collector sur- 
face and the total heat gain, in Btu's. Optional activities are included. 

BACKGROUND : The Btu, or British Thermal Unit, is a conmonly used unjt of 
heat. It is defined as the airount of heat required to raise the temperature 
of one pound of water one degree Fahrenheit; specific'ally, from 59°F to 
60°F. Heat losses and furnace capacities are described in Btu's per hour. 
For example, one gallon of oil burned at 70% efficiency will deliver about 
100,000 Btu's (one kilowatt-hOur is the equivalent of 3,412 Btu's). In 
comparisons the maximum intensity of sunlipht at 40°N latitude is 306 
Btu 's per square foot per hour. 

The student will determine the principles upon which a solar greenhouse 
functions. Model construction, accurate calculations and measurements 
and recording of data, as well as visual observations, are stressed. 

The term solar greenhouse generally refers to greenhouses whose heating 
and light requirements are provided by the sun. Most solar greenhouses 
collect and store solar energy for heating and are insulated so that the 
heat collected can be used at night and during cloudy days. Solar green- 



houses can be used to collect and store solar energy in many ways. The 
design of solar collectors and storage systems depends upon such factors 
as climate, economics and local weather conditions. 

The two main types of solar systems are active and passive. An active 
system collects heat energy at one point, transports it, stores it at another, 
and delivers it for use somewhere else. Conventional energy sources ar.e 
needed to move the collected solar energy. . 
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, In a passive systwn water containers, water pools, rock walls and 
other materials with high thermal mass collect, store and deliver the heat 
without circulating fans and pmps. If at any point in the system, additional 
energy must be used for storage or delivery, then that portion of the system 
has become active. 

Solar greenhouses can be built independently or attached to an exist- 
ing structure. A wfell-designed solar greenhouse can deliver more heat to 
a house during the day than the house loses at night. 

Another advantage of a solar greenhouse is the extended, year-round 
growing season at a much lower operating cost than the conventional units. 
They are relatively inexpensive and easy to build. ' - 

0^ the average, there is enough solar energy to heat a greenhouse .in 
the winter in most of the United States and Canada. During the coldest 
time of the year, late January on a clear day. the intensity of direct 
solar radiation is about 290 Btu's per square foot per hour at noon at 40°N 
latitude. This energy could heat the air from 40° to 70°F in one hour in 
a properly oriented 12' x ^6' greenhouse. 

Solar energy enters the greenhouse as shortwave radiatiort. When it's- 
inside surfaces, infra-red waves (heat) a re r adiat ed. These 
longer wavelengths cannot escape back mo the atmosphere (the "Greenhouse 
Effect"). 

The light requirements muyf bp balanced, with heat requirements in a 
solar greenhouse.^ If the greenhouse is to function properly, it will require 
some type of heat and storage capability. The activities are designed to 
illustrate these oasic solar greenhouse principles. 

11.: 
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TIME REQUIRED : Six class hours. 

SUGGESTIONS : Some students may wish to gather data on days when there is 
partial cloud cover. This would provide comparative data. 

Day 1. Acti vity' 1: /. Z' ' 

1. Students will construct their model solar greenjrouses. 

2. Time remaining in class period may be used to discuss various 
types of greenhouse construction and cost. 

* m 

Day 2. Activity 2 : 

1. Complete Activity 1. Remind students to save their data sheets. 

2. Students complete their graphs as hoTOwork,. using their data. 

3. Students should answer review questions at end of Activity 2. 

Day 3. Activity 3 : '> 

1. Students will make basic changes in greenhouse -construction: 
. insulating and painting interior and aluminian cans with non-toxic. 



.5-1- 



flat black p^int. 

2. If time permits, discuss and compare student graphs from previous 
day (Activity 2). 
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Day 4. Activity 4 ; 

1. Complete modifications of model. 
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2. Set-up model and record temperature on data sheet for fifteen minutes 
Day 5. Activity 5 ; ' 

1. Discuss graphs from Activity 4. 

2. Students may collect more data for c(»npar1son. 

3. Data should be graphed for following class meeting. 
Day 6. Activity 6: " \ 

1. Explain to students the method use^]^t;o calculate tota]^ Insolation 
on a surface in Btu/hr. Refer to Sa!T?)l6 Problem (A)' below. 

2. Discuss implications of solar energy base^ ^on experiences with the 
model solar greenhouses. 

OPTIONAL ACTIVITIES : ^ i . x . 

1. Students who have mastered trigonouetry may wish to calcuTaW total 
clear-sky insolation with reference to angle of collector surface. -^fer 

to Sample Problem (B) below. (Reflective radiation need not he consiti^d.) 

2. Determine total number of Btu's collected ^n the solar greenhouse.- '-^x--,^ .v. 
Refer to Sampln Problem (C) below. V 

3. Thermocouple may be substituted for thermwneter. Insert it in one 
aluminimi can and attach to voltmeter- (Refer to "Calibrating A Thermocouple 
in this manual for set-up instructions. 

ENERAL INFORMATION AND EXPLANATION OF PROBLEMS : 
Sample Problem (A ) / 

How many Btu's of solar heat impinge on the surface (2.5 ft ) of a south- 



facing collector tilted 40 from the horizontal at 10:00 a.m. on January 21 
(latitude. 40° N)? 
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Fran Table 2, the solar radiation is 237 Btu's/ft^. Therefore, the 

2 

radiation striking 2.5 ft is: 

2.5 ft^ X 237 = 592.5 Btu's 

Sample Problem (B) $ 

Determine the total clear-sky solar radiation falling on a flat-plate 
collector tilted 50° to the hJlizontal on Jan. 21 in Boulder, Colorado at 
noon. See drawing. \ ' ( 

10 = Angle of incidence, i 
30° = Solar altitude, a 




The so]ar radiation that strikes the earth is made up of two components, 
beam (or direct) radiation and diffuse (or scattered) radiation. Beam 
radiatioB is that solar radiation received directly from the sun without 
change in direction. Diffuse radiation is solar radiation received after 
its direction has been changed by reflection and atnrasphenc scattering. 

The aiTOunt of beam radiation impinging on a surface on the earth is 

a function of surface- to-sun geometry. The beam component of solar^adia- U 

' * — 

tion (K) effectively received bya collector is given by 
, • ..COS id) 

where I, is the beam radiation falling on a surface perpendicular to the • 
bn — ^ • 

sun's rays, ai^ 'i' is the angle of incidence measured between the sun's 
rays and the normal to the collector surface. When the angle of incidence , 
''i'-is equal to 0, cos(i) = 1. and the beam radiation available to the 
collector (1^^) is the maximum value, I^^^. 
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The diffi^ radiation component, il^)* received by the 
collector i s lietennifled by the equatior 



♦ 

where C if the dimensionless value given in the last column 
of Table 1 presented below; and Fa is the angle factor frm' 
the surfac^r ta the sky: 

Fa = (1 + cos(e)/2) 
where 9 is the collector, tilt angle measured from the horizontal. 



Table 1 Extraterrestrial Solar Radiation Intensity 
(Btuh/ft ) and Related Data for Twenty-First Day of 
Each Month, Base Year 1964 



I 

• 0 

Btuh/ft'^ 

— 5 



Equation 
of Time, 
min. 



Decli- 
nation 
deg 



B 



Btuh/ft (Dimensionless Ratios) 



Jan 
Feb 
Mar 
Apr 


442.7 
439.1 
432.5 
425.3 


^ -11.2 ' 
-13.9 
- 7.5 
+ 1.1 


-20.0 . 
-10.8 

0.0 ^ 
+11.6 - 


390 
385 
375 

360 • 


0.142 
0.144 
0.156 
0.180- 


0.058 
0.050 
0.071 
0.097 


May 


418.9 


+ a.3 


+20.0 


350 


0.196 


0.3 ai 


June 


415.5 


- 1.4 


+23.45 


345 


0.205 


0.134 


July 


415.9 


- 6.2 


+20.6 


344 


*' 0.207 


0.136 


Aug 


420.0 


- 2.4 


+12.3 


351 




0.122 


Sep 
Oct 
Nov 
•Dec 


426.5 
433.6 
440.2 
443.6 


+ 7.5 
+15.4 
+13.8 
+ 1.6 


0.0 
-10.5 " 
-19.8 
-23.45 


365 
378 
387 
391 


0.177 
0.160 
0.149 
0.142 


. 0.092 
0.073 
0.063 
0.057 



To convert Btuh«/ft^ to W/m^, multiply by 3.1525; example: 442.7 Btuh/ft 
3.1525=1395.6 W/m. (The Btu units in this chapter are themrachemical. ) 
To convert deg to rad' (SI unit), multiply deg by 0.01745. 
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In addition to the beam and diffuse radiation components, there may 
exist a further gain in radiated energy due to reflection from the inredl- 
ate surroundings, in the Boulder. Colorado area about 70% to 90% of the 
total radiation collected is generally In the form of beam radiation. 
However, in northern climates where snow covers V>e ground for most of the 
winter, the diffuse and reflected radiation can account for half of the 
total energy collected. 

where I^'= total solar radiation ^ 

* * 

I = direct beam radiation 

= diffuse radiation 
d • 

- I = reflective radiation 
Vcalcllatfe the beam radiatjo^. refer to Table 2 "Nor^l" column. 

Now refer to Table 2, ^Normal", column. (No angle adjustn^nt has been 
^de). Note that ttuh - Btu'1 per hour. I^^ at norma^l at 12 noon = 294. 

Source of 1 is shown in figure below. 

cos 1 

=(294 Btu)(cok 10°) 



= (294) (.984) 
I = 289.5"Btuh/ft^ * > , 

(. . ■ ' 

Table 2.* 



^b hn 



b 



late 



Jan 21 



Solar Time 



AM PM 



8 
9 

10 

n 



4 

3 
2 
1 



Solar Position 
'Kit. Azm. 



8.1 
16.8 
23.8 
28.4 
30.0 
Surface 



55.3 
44. (J 
30.9 
16.0 
0.0 



Btu/ Sc^. F t. Total Ins nlation en Surfaces 



Normal 



Horiz. 



30 40 



142 

239 

274 

289- 

294 



bailv Tot. 2812 



28 
83 
127 
154, 
164 



65 
155 
218 
257 
'270 



74 
171 
237 
277 
291 



50 


60 - 


81 


85 


182 


187 


249 


254 


290 


293 


303 


306 



QAft Sfifin 1510 1906 



* See Appendix B-5 



1 1 / 



90 



84 
171 
223 
253 
263 
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Calculate diffuse radiation: 

'd ' "^'bn • 

Fa = T+^cos 50 

1 ■ 

Fa = .821 
C = .058 
'45^M58)'(294)(.821) 

Idv= 13.99 Btuh 

Calculate total solar radiation: 



= 289.5 + 14 
1^ = 303.5 Btu 



Note that this /figure is found under 50° surface angle at noon as total insolatioi 



Sample Problem (C) 

Equation (3) is used to determine total heat, H. ^ 

H = Btu of HpO + Btu of air (3) . , 

H = (mass) {specific heat)(j^ temp) + (volur») (density) (specif ic heat)(A temp) 
or H = (lbs)(Btu/lb°F){°F) + (ft^Ult)/ft^)(Btu/lb°F)(°F) 



Follow-Up Activities : 

1. Various paint treatments may be used on the inside of the greenhouse 
to determine heat gain as a function of color. 
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2. ' Some students may wish to design a solar greenhouse on a larger 

scale and delve into other investigations; e.g.. construction 

r 

types, design, orientationr- climatic effects, solar geometry. 

3. The model greenhouse may be used to heat. wa^y5?\Pertinent data 
can be collected to illustrate, the principle of a solar water 
heater. 

4. A large scale solar greenhouse might ^be constructed from 3/8" . 
plyviTOOd as ip industrial education project.* 

5. The basic model design could be irodified to make a solar oven, 

6. The basic model designycould be modified to include solar distillation. 

7. Determ-*ne R-factors and. U -factors- for insulation used in the model. 
Refer to Hmneowner's Energy Guide (in bibliography); also ASHRAE> 
American Society of Heating. Refrigerating and Air Conditioning. 
1977 Fundamentals Handbook . Chapter 26, Table I. 

BIBLIOGRAPHY : 

Anderson. Bruce, Solar Energy. Fundamentals in Building Design , McGcaw- 

* ♦ 

Hill, 1977. 

Wisher and Yanday. Solar Greenhouse . Muir Publisjiing Cp., 1976. 
Foster, William F.. Build It, A Body of Solar Heating Projects . Tab 

Books, 1977.' ^ / 

McCullaqh. James C, The Solar Greenhouse Book , Rodale, 1978. 
Murphy, John A., The Homeowner^s Energy Guide , C rowel! , 1976. 
Hearing, Helen, Our Sun Heated Greenhouse , Garden Way Publishing, 1977. 
Pra^ical" Guide to Solar Homes , Hudson Idea Press, New York, 1978. 
Williams, Richard,. Solar Energy', Technology and Application s, Ann Arbor 

^ ft 

Science, 1977. , 
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^ #14. SOLAR HEAT STORAGE AND HEAT OF PHASE CHANGE 

PURPOSE : You will learn how to calculate the heat "of fusion (heat of 
solidification) of a pure substance. With this information and class data, 
you will be able to choose which slibstance would-be best suited for use in 
a solar heat storage unit. . 

INTRODUCTION : Imagine no available energy resources to heat your hapel 
SoUr energy techYiology may y&ry well be one of the best solutions to the 
future energy crunch." As you know, heat storage fran a solar collector 



must be considered if one intends to stay warm at^ night or when t^e sun is 



obscured beclouds. 

Heat storage has been effectively accomplished with large rock. bins 
and water tanks. But one problem is. the space the> must occupy. Finding 
/ materials that release more heat per unit of storage volume becomes a 
very importa.nt consij^eration. 

It has been found that as materials change phase they absorb or emit 
much more heaf*' per gram than just dVie phase absorbs or emits as it is heated 
or coj^led.' The heat, absorbed by a melting substance at -its melting point 
is called the heat of fusion; the heat released when a substan'ce solidifies 
at its freezing point is called the. heat of solidification. Can this 
"latent heat" be used to dSigh a compact solar heat storage unit? You'll 
.compare the heats of fusion of some pure-l substances and choose which' might 
be best for your storage bin: \ 

MATatTALS : ^ • . 

1 thermometer (0°Cvto nO°C) ' " 
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1 Sfnall burner - 
1 styrofpam cup, 1 pt , * 
Test tubes (18 x 160 nm) 
'lest^^tube holdfer • 
Ice ^ 

Paradichlardbenzene (Cgl/^Cl2);nTelting point 53^.. 

Ring stand, cjamps for holding thermometer and test tube, 
* 

Plastic caps 



> 



THERMOMETER 



WATER- ^4 FUUL 




TES^TTU9E 



Kmp Substance and 
WM«rSttrrMi Silghtiy 



STYTOFOAM CUP 



SOUO 



Fig. 1. Apparatus 
PROCEDURE: Part I - Heat of Fusion ' 



At the conclusion of this part of the experiment. Data Chart I should 



be completed. 



' Dat^ Chart I 



1. Mass of test tube 

2. -'Mast of test tube + substance 

3. Mass of substance ' , 



9 

g 
g 
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4. Volume of water used 



p. 



ml 



» ' Of. 

^. Initial temperature of water bath * . ^ 



0/ 



'6. Final temperature of the water bath 

7. A T{°C)- °C 

8. Heat in calories lost by the Water to the . 

substance -"^ ' 

9. Heat of fusion in calories per gram of . 

substance „cal/g 

10. Heat of fusion in kcal per mole kcal/mole 



• 1, Find the mass of a clean, dry, test tube to the nearest .01 g. Fill it 
approxinrately half-full with one of the substances provjided by yfoxiv instruc- 
tor, and' mass it again (be sure to write 4own the name ?of your substance). 

2. Heat enough water to fill your styrofoam cup calorimeter three-quarters 
full (know the volume exactly). The water temperature ^hould be 25 C to 

30°C above the melting point of the substance. Prepare calorimeter by placing 
one styrofoam cup. in, another cup. Cut holes for theniKMneter and test tube 

in cap. ' ^ • 

3. Place the test tube and your themmieter into the calorimeter. See 

Fig. 1. Record tbe temperature of the water ^very 30 seconds. Note when the 
substance first appears to be melting and when it Kas all been melted. 
After all of the substance has melted and the temperature remains fairly 
constant, stop recording. 

CALCULATIONS : As you have noted, the temperature pf the water bath dropped. 
We must make the- assumption that the h^at energy associated with the 
temperature change (A T) was gained by the substance in the test tube and 
not lost to the surroundings-, i.e., the heat gained by substance equals the 
heat lost by the water bath. 
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To calculate the heat lost by the water bath you must know the mass " 
of water. aT {°ch and the specific heat of water (1 calorie per gram per 
°C). The equation looks Tike this: ' 
Heat lost by water- Heat of fusion = (mass g) (a T, °C) (specific heat, l.c_al) (D 

g°c 

By Eq. (1) you can see that the heat will be expressed in calories. 

1. Calculate the number of calories required to melt the substance. 

2. Calculate the number of calories required to melt one gram of the 
substance (divide the total number of calories by the number of 
grams of substance^. 

3. Calculate 'the number of kcal required to melt one mole of your 
substance. Hint: * 

where g/mole = the molecular weight 
PROCEDURE: Part 2. Heat of Solidification . 

I ■ ~ / 

' At the conclusion of this part of thi experiment. Data Chart ^ 
'should be completed. ^ 

Data Chart II. 



1. Mass of test tube .^-^ ^ 

2. Mass of test tube and substance 5 

3. Mass of substance 9 

4. Volume of water used ' 

Op 

5. Initial temperature of water bath ^ 

6. Final temperature of water bath ^ 

7. AT (°C) ^' ■ 



ml 
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8. Heat In calories gained by the water batti 

from the substance 

9. Heat of solidification in calories per gram 

of substance 
10. Heat of solidification in kcal per nwle 

1. Mass a cloan, dry test tube to the ^fiearest .01 g. Then f^l^ it one- 
half full, with one of the substances provided by yqur instructor, and mass 
it again. 

2. Obtain a known volume of water at a tenperature which is approximately 
20° to 30°C below the melting temperature of your substance and fill your 
styrofoam cup calorimeter. • 

3. Heat the solid until it is entirely melted, (Do not overheat). As soon 
as the crystal formation is evident, place the test tube fn the calorimeter 

and record the temperature of tNe water bath every 30 seconds. When all of the* 
substance has solidified and there is no further temperature change, stop 
recording. , • • 

CALCULATIONS : As the substance solidifies, it gives off heat to the water 
bath, causing ^5 temperature to rise, ^sswning no heat loss tp the sur- 
roundings, the heat absorbed by water equals the heat released by the sub- 

* * 0 

stance. Again the calculation uses the mass of substance, AT C and the speci- 
fic heat. 

Heat gained by water = Heat of solidification = (mass, g)( AT, °C) (specific 

heat, (Lc|i) . 
g C° 

1. Calculate the number of calories released by the substance as it solidi- 
fies. 

2. Calculate the nianber of calories released by one gram of your substance 

ERIC 
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cal/g* 
kcal /mole 
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as it solidified. 



3. Calculate the number of kcal released by 1 mole of your substance, 
cal/g X looo^cal ^ 9/nK)le = kcal /mole 

DISCUSSION QUESTIONS : » ' ' J 

1. Hovf do your two values (heat of fusion, heat of solidification) 
ctMTipare? 

2. Is there any heat gained while the substance is only in one phase? 
(Hint: Think of specific heat capacity.) ' 

3. What Would be the effect on yo*r results if the calorimeter were 
better insulated? How could you find out? 

*4. Find the specific heat of fusion t)f other substances which would 
be suitable for use in solar storage. Discuss the .possibil i ties 
of using these substances. 
5. Sketch a very simple diagram of the flow of air from solar collec- 
tors on a roof through a heat storage unit and theri to a home's 
living space. Could one use this system to cool a house in the 
sufiwer? 



1 
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TEACHER'S GUIDE 



O BJECTIVES : Students will understand: ij that there is a definite heat 
effect associated with tfte n»lting and freezing processes.; 2} the terms: 
heat, temperature, calorimetry, heat of fusion and heat of solidification; 
3) various aspects of solar energy storage technology. 

BACKGROUND : Energy storage can be accomplished in several ways. Passive 
thermal storage is the storing of the sun's heat in a -structure (e.g., a wall 
of your house). Later, the wall will radiate heat into the house. Chemical 
storage utilizes a suBstance like hydrogen in a fuel cell. Fly wheels also 
store energy. Chemical batteries are a coRinon^nwans of electrical storage, 
but they are expensive. 

Finally, eutectics can be effective materials in which to store 
energy. The latent heat of a eutettic is'energ[y stored or released in a 
phase change. Most coninon substances used for storage have^pecific heats 
of one or lesc. A given eutectic with a high heat of fusion requires less 
mass for the same amount of heat- storage capability. ^ \ 

A problem is finding materials that" cfeange phase-in' the temperature 
range of solar collector operation (100-300°F). One substance that has 
been studied is Glauber's Salt (NagSO^'TOH^O). Its disadvantage is that 
it often^eteriorates after several cycles.^ ^' 

T IME REQUIRED : 3-4 class periods. , 

SUGGESTIONS : 

1. This activity is designed for an 11th grade chemistry class to develop the 
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topics "of calorimetry. heat of fusion, and initiate interest in solar 
storage technology. It ts hoped that post-l^b discussion will include the 
need for alternate energy technologies. 

.2. To be corvversant with engineers, one must use Btu's (British 
Thermal Units). One Btu is the amount of energy required to heat ofie pound 
of water one degree Fahrenheit. The appropriate conversion factorji^: 

1 Btu . ^ 

252 calories v 

* ■ . > 

3. Other substances to use: 

Heat of 

Substance Me lting point, Molecular weight fusion, cpl/g 

^ • — 

I 

1 ,4-Butanediol 15-^ 
n-Octadecane 27-29 
Paraffin « 50-58 
Paradichlorobenzene 53 . 

Di phenyl amine - . 53 , .. 

Naphthalenef , 79-80 
Naphthol I '" 94 

4. Be certain that students know the difference between temperature, 
and heat. Temperature is merely an arbitrary scale of the flow of heat from 
hot to cold, whereas heat is the amount of energy the system may contain 
measured in units like calories. Students , should realize that a substance 
may release or absorb heat energy at its freezing point without a change 
in temperature. 

SUGGESTED FOLLOW-UP ACTIVITY : Determine the dollar savings that a eutectfc 
heat storage unit could save. Contact your local utility company about 
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255 


* 


K)0 


35.1 
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29.07, 


163 


= 30.4 , 


128 


35.06' 


144 


38.94 
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prices of heating. Discuss criteria for selecting practical storage media 

ANSWERS TO QUESTIONS : ' 

1 . Nearly the sarro. ^ 

2. Yes • . 

H = (AT) (mass) (specific heatof eutectic) - calories 



3. Insulating the calorinjeter would reduce the heat Tost t6 the 
surroundings. This wuld increase values obtained for the heat 
of fu<iion. ^ 

5. a. See Fig. 2. ~^ 
b. Yes 



t 



t 



Air Flow 



ot a 




1^ 




Blower 



Inlet 



Heat 
Storage 



] 



^ Hou 



se 



d-Eutectic melted during day; 
at night air flow'is reversed 
and the solidifying substance 
heats air to house 



^ Cold return air 



Fig. 2, 



I 
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#15. SOLAR ENERGY STORAGE IN GRAVEL 
1^ ■ # 



PURPOSE : YoAJ will nie^u;« the heat storage capacity and the efficiency of 
a gravel bed system. , , • ^ 

m 

INTROdUCTION : Soly energy heats our homes passively now through south- , 
facing windows. We can augment <)ur home heating with a solar collector, v 
storing excess heat for nights and cloudy weather. - SolarXheat can* be 
stored in water for later transfer to room air, or it can be st9red in 
gravel or broken brick. • ♦ - ' 

In this-experiment a hair dryer will be used to simulate an air-heating 
collector and a gravel storage bed will be used, but the prir^ci^Tes c^n be 
applied to any col lector/storape system. The size chosen ^for the gravel bed. 
the collector size, and the heat loss of your component, will help $Jet§rniine 
the highest. bed temperature for a given amount of solar radiation. Remember, 
in transferring the heat from source to storage to house, use as few steps 
as possible, keeping the path of heat fl^w short, and insulate heavily to ^ 
reduce heat losses. 



MATERIALS: 



Three themKMtieters 

Plywood or sheeting material 

Hal 1&- dryer, lOOO-wtts 

Gravel (1.5 inches) 
10 X 10 graph paper 




Jo" 
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Small electric fan 
Glue 

Nails . 
Duct tape 

2-inch duct • ^ * 

' i' 

Screen 
PROCEDURE : 

— • " 3 

1. Construct a container of the appropriate volume (1 ft ) to hold 

the rocks, using sheeting material or plywood. Seal all edges with 
2" duct tape. The top should fit tightly to limit heat losses. 

2. Make an inlet at the top and an outlet on the opposite side near 
the bQttom. so that the air flow\ contacts the maximum amount of rock. 

3. Determine, the mass of rock you are using. Weigtiing can be avoided 

3 . 

by remembering that the* density of rock is about 125 lbs/ ft . 
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4. Mount the hair dryer in the inlet. 
* 5. Insert a thermometer in the inlet and a thermometer in the outlet^ 
ducts of your storage bin. 

6. Insulate the storage bin to simulate a basement location. 

* a ■ 

7. 'Fill the storage component with gravel an<l seal top. Turn on hair 

dryer.' i i 

< 

* 8. Measure and record temperatures .of the air in the inlet and outlet 
ducts at 5 minute intervals for thirty ml mites. 

< « 

' 9. Shut off hair dryer. . . 

10. If po'ssible, temperature Hffiasurensnts should continue to determine 
how long it takes for the stored heat in the rock to be released. 
' 11. Plot the temperature as a function ;af the time on 10 x 10 graph paper. 

12. Compute the total amount of heat stored in the storage tomponent using 

' AH = .m X s X A T 
where in is the mats of rock, s is the specific heat, 0.205 cal/g'C° 
(0.205 Btu/lb*F°). and A T is the difference between the Initial 
temperature and the maximum temperature of the rock storage bin, 

13. " Determine the volimie of your storage bin (V = £ x w x h), and 

the rock density (D = m/v). 

14. Determine the aii^ flow rate, R = voTuit^ of air/time 

QUESTIONS: ' " ^ . 

1. How could we use this stored energy?/ What was the cost? 

2. What size solar system would you need to heat your hOme? Your 

... » 

classroom? . " . 



3. What other storage materia] could be used? 
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TEACHER'S GUIDE 

» . * 

OBJECTIVE : The student will be able to measure the heat storage capacity 
and efficiency of a gravel bed. ^ 

TIME REQUIRED : Five or six 45-minutfe class periods. This experiirent may 



i 



be done individually or in small groups 



\ 



MATERIALS: Three thermometeVs . plywood or sheetirtg material, insulating 
material, gravel (1/2 - 1"). 10 x 10 graph paper, g\ue, nails, duct tape, 
"2" metal tluctj 1000-watt hand-held hair dryer. \ • \ 

» * \ * 

\ * 

SUGGESTED FOLLOW-UP ACTIVITIES : 

1. * Visit a solar home, measure and record Btu's pr^odu(!|ed, Btu's 
stored, and Btu's used. . ■ 

2. Compare two or more solar storage units and their cost effectiveness 

3. Design and build an air-loop, rock storage, convective soTar heater. 

/ 

SUGGESTED CARffER^ EDUCATION ACTIVITIES: Given the opportunity to identify 
three occupations of ijiterest, the stude^it will list the names, addresses 
and phone numbers of local persons and/or groups with whom the student could 
discuss: 

employment opportunities • 

training or skills required 

hiring procedures i 
Given the opportunity to work in. small groups, the student will identify 
the business opportunities in the solar industry. ' . ■ ^ 
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Appendix A-1 
Selected Constants 



CONSTANTS , 
, AcceJeration of gravity 

Atomic mass Unit 
Electron rest mass 

Proton rest mass 

Neutron rest mass 

Avogadro's number. 

Boltzmann's constant 

Gas constant 

Planck's constant 
Stefan-Bol tzmann constant 

(black body)' 
Velocity of light 



PREFIXES 

micro (y) 
milli (m) 
centi (c) 
deci (d) 
deka (D) 



one millionth 
'one thoiisandth 
one hundredth 
one tenth 
ten times 



amu 



k 

R 



hecta (h) 
kilo (k) 
mega (M) 
giga (6) 
tera (T) 



980.7 m/sec^ 

'32.17 ft/sec^ 

1.660531 X 10"" kg 
9.109558 X lO'^* kg 

1.672614 X 10'" kg 

1.674920 X 10"" kg 

6.022 X 10" /gram-mole 

f.38 X 10""- joule/°K 

1.987 cal /gram-mole °K 

1.987 Btu/lb mole °R " 

6.62 X lO"'" joule isec 

5.67 X 10"" W/m^K- 

2.9979 X lOVsec 
186,282 mi/sec 

one hundred times 
one thousand times 
one million times 
10' times 
10^2 tirres ■ 
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Appendix A-2 
Con vers i on of Units 





rr... Ttf IBlUlplf bjr 


" ^ 1233. » 
k^mtnm (8> »■ I.— xio' 


cal/B Bty/lk 1.80000 

e«l/MC 'itu/k 14. MO 
■ 4.104 
J/mc 4.104 


• t« , kg/-' J.WMjiIO* 
kc/ca^ / 1.0333 

1.0332x10*^ 
** lb/t«^ 14.70 


BttK/«M ' 3.9004*10'' 
ft-lb/MC 3.0000 
g-C«/»«€ 4.MOB.10* 
€*l/c»*.#c Om/ft^k 1. 33721110^ 
9/*.^ 4. 114 


' 1 .020 jilO^ 
Ih/iD^ 14.503S 
»t» J lOMIUlO^ 


^ M 9/.^ 4.104 »10' 
J/m^—c 4.104 HO^ 
fc9/-* 41-04 

mJ/m^h 180.^2 
cAl/cW* L ClBB|Uir) i.oooo 


kj I. own 

CBl 3»U996 
hfk^ a. Ml Jiio'^ 


i» 4.104 
cBl/cB^k k9/a^ 1. 10221 I0~' 

* 1.1«22«I0"'' 

.«l/c»'-lB k9/.* 8.97:i3«IO'^ 
U-IB ^ I.OOOO 


cBl/MC O.070O 
0.2931 

ftt«/Bi« • 0.01757 

» 17 . 57 

* -3 


e«l/c«^c'*»#c/c« Bt*k/ft^r**fc/ft , 0.007197 
" BtVft*r**k/ti O.ODOM 
J/ca^C^Mc/Qk 4,104 " 
0/cA**/c» 4,104 
9/»'c**/c« 4.194 lilO^ 


cal/K 0.MJV5 
Btu/rt^-iB i/B^ I9.»!« 

Btu/f c«l/cB^MC 7 . »344«10'* 


IB 0.3937Q 
n 0.03881 

1.* * in^ O.lSflOO 

ft* 1.07*4«10"'* 

< ■•* In** 9.I023KIO * 


■-^ m/m^^ 3.li24 
kj/m^n 11.348 
*• ^«I/€?»*b 0,27|2& 

" L/»ia A ^2na,m-^ 


ft-^ 3.S315xl0~° 

ctm Ut«r«/Me 0.4720 

d«y vtfc 88. 500.0 

-7 

dyis* J/s«c 10 
dyo«-c«^ ^' bar lO"* 


Btu/ft^l^k c«l/B*r**»«: 1.3573 
■/p^C** 5.6783 

Btu/ft'r°k/ft c«l/c«^C**ll/c» 14-881 

J/^^C^'^ec/n 1. 73073 • 


•fB ' Oty •4045x10"'* 
cmi 2.3B0U10** 
^' g^c» I.0l9t«10'^ 
k9Hj * 2.7778»10*^^ 
M en 30 . 480 


9/-V/c» IT. 294 
Btii/ft'r^k/Sll L«i/i:»^c"6/'t» I a401 

cBl m^cS^c/ca 3.4447 
c.l/i:.^c"Mi..^c» 3^447*10"^ 


a 0.30480 

f iCutkr) stB 0.0395 

Ib/ia* 0.4335 

k*/-' 304.8 
^.2 Q3 


W/m^C^/vm 14.412 " 
" ^ i/B^C**/B 0.14412 
c«l . f ^ft 42984. 

J ' 4.184 

Btu J 961IJ«10^^ 


0.092203 

fj^ 2 83n«10^ 

a.iwnMio"' 

. ustCU.S.i 7.49052 
i tier** 28 3S09 


htb^ H622iil0^ 
kJ 4.i84 nio'^ 
wn^ I.1622k>U" * 


km/h 1.09728 
■i/K 0.68182 
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V^ltiply by 
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■islti^ly bjr 




nil 


I.SMUIO*^ , 


Urn 


Bt 


0.02137 




Gftl 


0.32405 




ft 


3300,04 




J 


i.a»MS 




J 


4,S04^o' 






3705.41 






' 347,100 , 






0.34Slt 




Bi« 


O.9O01O 










ft/BBC 


0.0113 




ft' 


0. ISiJOO 




■l/b 


o.oai37 *■ 




Bcrv-f t 


3«ooeoMio'* 


kBOtO 




01.444 




liters 


3.7osa 




ft/OOC 


1.0070 


ft 




2.aO40ml0*' 


- 


Bi/b 


1.1900 






1.4123x10" 












9 OT04xlO~^ 


kW 




90.0909 










Ito/k 


' 3414.49 




Ib/lB^ 


3.0130x10'' 




kp 


1,9410 




Ih/f 


13. 401(0 




eal/wiB 


l.OOiOTolO^ 






9 . 301 IslO'^ 




CO 1/i^C 


MO 003 






V. ■QBBXlQ 




■ * 

«/BBC 


10^ 






3.3430x10*^ 




kj/B 


9000 

4 






40. 4300 




B» V 


SAia AB 

^a • V • m 




U 


8iTtta . 




, ool 


9.9^99010^ 






0. 74070 






a iiBii9B«in' 
B 1 av*Ba w 




eal/alM 


1 .000^x10^ 






90M0 


la 








XHfU n B«BB ) 


3. 99 




IBf IB 


J .^l^BS III 


* 3 
ki/B 


3 

itHL/f t 0 


317 . 21 




Hfl 








O.IOOOQ 




■ »P 


3.400 xlO~' - 




KZbmI^ 

eml/em bbc 


0.23001 


la 


OB 


B . VBlV 




kJ/a'k 


3000 






4.0444sl0^' 


L Cl«»«l*7> 


« < 3 

CBl/<9i 


1 . 00000 






10. 3071 




«/*-' 


a . laa 


— "i — 




i .0307x10*^ 






41 HA 

a»,Ba 






ft 


S. 7070x10"* 




1 

Hill/ i « 


3 0000 




n 




I*/b|b 


CB I/o'bIb 






f t{««t«r) 


1 . 1330 




e« I/cb'bbc 


1.0007x10 




Bttt 


9.40401x10"^ 




atti/f t 6 


1 ,3272x10* 






2.777&liO'^ 






01 .0304 




eml 


0.330000 




ni 


0. 80410 




■ 


lo' 




* 3 
ft 


3 . 93197x10'' 




ft-lb ^ 


0.737903 




3 


1000 




Wll 


d , f 77BX lU 


9 


J 2 


70 . 3070 






0,319000 




— 


703.070 




« 


I 




f /CB 


37.0799 




Sty/Bin 


5.0907x10"' 






3.70700x10^ 






14.3404 




V 


^.4700 




kp 


1.34100x10^' 


m 


Bl 


0,3137x10'* 


kJ 




3.7770x10^* 






3.3909 




•tu/f 


O.OllUlO"' 




in 


30.3701 






339.000 


2 




10.7030 






0.03300 






1590.00 




kc*l/»^ 


0.33901 




hB 


- 10"* 


*cftiy«'d«» 




4104.0 






3.47105x10'* 




kJ/B day 


4, 1940 


B 


ft^ 


35.3147 




lb 


2.30403 




«cri»- f t 


9 10?U10^* 


kg/cB^ 


atB 


0 96704 






0. 10337x10* 




ft(»st«r) 


32.0O93 




tat (V,B.) 


204.172 




IVft^ 


M. 2233 












to 




% 


w 
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MkJ/m 
mi 



kJ 
mtJ 

ksm/rt' 



BcrMl 



lb 



s 

s 

ittt 



17M 



ft40.000 



» 10" 
14.0981 






9«.2« 


■J 


l,OS««alO^ 




a.moxio^ 


Stki/H 


3.41443 


_fiU^ISS 


0.23«ft4a_^ 


Hp 


l.34102»ie'*^ 








0.330O49 




31.731 


kf/»^_^ 


10.0000 




14.3310 


L/BI9 


14.3310 




3.«>OO0k10^ 




•fti.lM 


ft-lH 






3«T«0M 




3.i^Jil0^ 
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Conversion of Celsius to Fahrenheit 
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«17*1 


«15.1 


♦ 0 


3a. 0 


33.0 


35 1 


37 4 


31.3 


41.0 


18. • 


.44.1 


M. 4 


11.3 


♦ to 


so 0 


11. • 


13.1 


15.4 


57 .2 


51.0 


10. • 


13 1 


14 4 


M.l 


30 


MO 


•1 • 


71.1 


73,4 


71 1 


77.0 


78. • 


Ml 


M.4 


M-3 


S8 


MO 


.9 


M.l 


91 4 


13 3 


15.0 


M*l 


Ml 


100.4 


103,3 


40 


104.0 


105.1 


107 1 ^ 


IM 4 


Itl .3 


tl3 0 


114.1 


111.1 


111.4 


180.3 




IW.O 


133. • 


131.1 


137 4 


139.3 


131 .0 


138 1 


« 134. 1 


1)1.4 


131.3 


io 


140.0 


141.0 


»43.1 


141. 4 


147 3 


m.o 


IM.^ 


IM.I 


114.4 


1M.4 


TO 


IMO 


IM.^ 


111.1 


113.4 


115.3 


117 0 


Ill • 


170.1 


173.4 


174.8 


■o 


»7« 0 


177 • 


171 • 


111 . 4 


113.3 


111.0 


IM.V 


I51.1 


110.4 


1M.3 


•0 


IM.O 


lll.» 


117 1 


IM 4 


301 ^ 


303 0 


m4.4 


soi.l 


801 4 


810.3 


lOO 


XIS.O 


213 • 


215.1 


317. 4 


311 2 


331.0 


388. • 


834 1 


3M 4 


311.3 


110 


130.8 


. 111 • 


333 • 


331. 4 


337 3 


371 0 


3W • 


' 1' 


344 < 


141.9 


ISO 


240.0 


IM • 


351 • 


353.4 


355.2 


357 0 


2M.^ 


310.1 


318 4 


314.8 


130 


MO.O 


317 • 


811. li 


371.4 


373.3 


375.0 


371. • 


371.1 


310.4 


818 .« 


li#0 


tM.O 


3M. • 


317. 3^ 


3M . 4 


311.3 


313.0 


314. • 


3M1 


311.4 


300 8 


%90 


301.0 


303 ^ 


305.1 


307 4 


301.3 


3lt.O 


%t^.9 


314.1 


311.4 


311 8 


lio 


3JO.0 


331. • 


3« (T^ 


335.4 


3»7 2 




KU 1 ' 


TW.i 




S9I.9 


170 


33J.0 


331 • 


34t 1 


343 4 


345.3 


347 0 


341.1 


350.1 


3^.4 


SM.S 


1*0 


390 0 


3S7 • 


350.1 


311.4 


313.3 


315. Q 


3M.1 


311.1 


370.4 


378.8 


ito 


374 0 


371 1 


377 • 


379 . 4 


311,3 


313 0 


314 • 


3M 1 


311.4 


810. 8 


soo 


303 0 


313 S 


315 1 


397 4 


311 3 


401 e 


408.4 


404.1 


401.4 


401.3 


110 


41O.0 


411 1 


413.1 


415. € 


417.3 


411,0 


4^.^ 


438 1 


484.4 


Ml. 8 




410.0 


431 i 


431 1 


\ 433.4 


4^.3 


437.0 


431. 1 


440.1 


418 4 


444.8 




4«0.0 


447.1 


4« 1 


451. 4 


453.3 


455.0 


411 1 


451 1 


410.4 


Ml. 3 


240 


404.0 


415. 1 


417 1 


411 4 


471 3 


473 0 


474 • 


471 1 


471 4 


4M.3 


2MI 


4«2 0 


413 g 


415 • 


417 4 


4M 3 


491 O 


413. p 


494 1 


491 4 


4M.3 


aoo 


SOO.O 


90» 1 


903.1 


505 4 


907 3 


909.0 


510.4 


513.1 


51^4 


. lll.> 


' 2T0 


&11.0 


519 1 


531.1 


533 4 


535 Z 


537 0 


531 1 


530 1 


533.4 


534 3 




ftJO 0 


ftJ7 « 


>.ni.i 


54t 4 




■\%Ti U 


541 ■ 


541 1 


550 4 


553 . 3 




&84 0 


111 ■ 


Sftf 1 


5M 4 


5ttt .2 


9^.1. U 


514.4 


MM 1 


911 . 4 


570.8 


300 


»72 0 


573 « 


57:> 1 


4 


i 


.u 


513 • 


544 1 


9«1 4 


515 .3 


310 


MO 0 


Sll 1 


59J 1 


505.4 


597 3 


519 D 


•oo.i 


103 1 


104.4 


101.8 


32u 


#01 . 0 


loi 1 


lit 6 


• 13.4 


• 15 3 


• 17 0 


• l^.^ 


•30.1 


•38.4 


134.8 


330 


120. 0^ 


•17 • 


121 6 


131 4 


13 i. 2 


135.0 ' 


•31. • 


- «31 1 


140.4 


143.3 


3«0 


•44,0 


149.1 


• 47 1 


. ^41 4 


• 51 2 


• 53.0 


154 a 


IM.l 


•51.4 


MO.l 


3&0 


M2.0 


•13 • 


Mil 


M7 4 


119.3 


•71 .0 


173.1 


171.1 


•71.4 


171 3 






111 1 


113 1 


115 4 


•17.8 


•MO 


IH.I 


Hi £ 


w i 


W i 


370 


Ho.o 


MO • 


70 1 1 


703 4 


705.3 


707 .0 


701 1 


710/1 


713 .4 


714.3 


3i0 


710.0 


717 • 


711 1 


731 . 4 


733 3 


733. 9 


f^.9 


731 1 


790.4 


733 3 


300 


734 0 


731 1 


*37 1 


739 4 


741.2 


743 0 


744.1 


741 1 


741 4 


75Q.3 


4130 


7AI.0 


713, • 


755 1 


757.4 


7^,3 


711 0 


718.1 


; 714 1 


7M 4 


7M I 


410 


» W 0 


n\.9 


773 1 


771 4 


777 3 


7fp.O 


710 • 


783.1 


714.4 


7M 8 


430 


790 0 




711 .1 


713 4 


715 3 


713.0 


711 1 


MO.O 


M8 4 


•04.8 


400 


iOO.O 


lOf 1 


•01 • 


• 114 


• 13.3 


• {« 0 


• 11 1 


111 1 


130 4 


M8 3 


440 


•34 0 


135 • 


•37 1 


m 4 


•31.3 


133.0 




131 1 


131 4 


•40.3 


490 


•42^0 


14J • 


K45^ 


147. 4 


141 3 


K5t 0 




154.1 


151 4 


•51.3 


440 


MOO 


Ml 1 


•13 A 


M5 . 4 


M? 2 


119 0 




872.1 


17^ 4 


171 8 


470 


17^ 0 


171 1 


lit 1 


^ 


.115 3 


117 0 


m.l 


MO.l 


W3 4 


M4.3 


4my 


•M 0 


197 1 


199 • 


WI« « 


9&3 8 


9O5.0 


901. S 


901 1 


110.4 


«I3<3 


490 


914.0 


015 8 


917 1 


919 4 


931 3 


923 0 


934 i 


9M .1 


931 4 


130.3 


SOO 


•32 .0 


933 1 


935 1 


937 4 


939 3 


941.0 


943 i 


944 . 1 


941 4 


•41.3 


510 


190. 0 


•11 .• 


953.1 


955 4 


957 2 


Ifll.O 


MO 1 


m.l 


914 4 


•M.8 


S20 


MO.O 


MO 1 


•71.1 


973 4 


97S.3 


977.0 


971 S 


•10.1 


913.4 


114.3 




OM.O 


f 17 i 


919 1 


991 .« 


993 3 


995.0 


991 8 


911 « 


lOOO 4 


1003 8 



' Conversion formulae: 
°C = 5/9(°F-32) 
°F = 9/5 °C + 32 , 



163 



FUEL 

Coal : 
Anthracite 
Bituminous 
Coke 

Hydrogen (dry) 



Natdral Gas (dry) 

Natural Gas Liquids (average) 

Butane (C^Hjo) 

Propane (CaHg) 

Petroleum: 
trude Oil 

Gasoline 

Kerdsene 

FUEL AND ENERGY EQUIVALENTS 
1 bbl crude oil 



1 short ton 
' bituminous coal 



TOOO ft^ natural gas 



1000 kwh electricity 



Appendix A-4 
Energy Ratings of Fuels 

Btu 



12.700 

13.100 

12,400 
325 

62.050 
. 1 .035 
^ 25,047 

21.325 
4,412,000 

21,400 
4,506.000 

21 ,600 
4,402,000' 



5,8(M),000 
138,100 
IS, 100 
5,253,000 
125,000 
22,200 
5, 670-, 000 
135,000 
19,700 



443 lb bituminous coal 
5,604 ft^ natural gas 
1,700 kwh electricity 
4.52 bbl crude oil 



25,300 

7,679 

79.01 

74.95 

303.34 

1 Mwh 

260.5 

3,397 

0.588 



ft^ natural gas 
kwh electricity 
lb bituminous coal 
gallons crude oil 
kwh electricity 
electricity 
lb bituminous coal 
ft' natural gas 
bbl crude oil 



Per Unit 



^ound 
pound 
pound 
ft' 
pound 
ft' 
pound 
pound 
barrel 
pound 
barrel 
pound 
barrel 



barrel 

gallon 

pound 

barrel 

gallon 

pound 

barrel. 

gallon 

pound 




Appendix A-5 
^ Specific Heat and Heat Storage 



J 



^cdlk H«ftt of Mater^ 






keai. 


Compound / 










3.41 






1.00 


Kellini 


Hm 


1.24 


Llthiiui hr^iridc 


h%% 


0.8 


Lithlw 


Li 


0. 85 


Litbii» niK»ride 


LIF 


0.37 




Ba 


0.436 


Litlilua cbloride 


LiCl 


0.26 


So^lini 


Ka 


0.293 


Sodiua fluoride 


»•/ 


0.28 , 




Ma 


0%249 


SodiUM eblori^ 


KeCl 


"O^l 2 


Hmon 


n0 


0.246 


Oilcim* fluoride 


CiF^ 


0.71 


Bo rod 


B 


0.245 


• 

Fot«88luM fluoride 


KF 


0,20 




Ms 


0,243 


Sodiua hydroxide 


lUCHl 


0.2 




^2 


0.219 


Putsfisluji hydroxide 


tm 


0.2 




Al 


0.2t5 


Itegneeiua chloride 




0. 19 


P 1 uor 1 Be 


'2 


0,197 


Celoiua chloride 


CrCI^ 


<>.16 


PboBpliorus 


P 


0.181 


Potesslun clhoricte 


BCl. 


0. 16 




K 


0.180 


Iroo chloride 


reci3 


0.19 


Sulfur 


S 


0.175 


%%tkc chloride 


ZoClg 


0,14 


Silicon 


Si 


0.168 


Copper chloride 


CuClg 


0.14 



H^t Stdn^ C^»acity 







Specific 


Volume heat 


Thermat^^ 


Thermai 








capacity 


conductivity 


difpiiivity 




P 


c 




k 


kipc 








cal/cm^C'' 


c^cm/cm^C^sec 


cm^/trc 








1.00 


n.00i4 


00014 


Inip xhot 


7.86 


0.13 


1,02 


0.160 ^ 


0 157 


Oik 


1,00 


0,60 * 


0.60 


0.00036 


0,0006 


Rock 


2,50 


0.20 


0.50 


0,0060 


0,0120 




3.0 


0.20 


0.60 


0.0025 


0,004^ 




1,7 


0J8 


0.65 


0,0030 


0,0046 



1 : 



/ 




^ Appendix A-6 
Heat of Fusion of Materials 



I 



Heat (rf Fiumi (rf Matei^ 



H^t of 
fmian. 



kkterial 




edit 








310 


547 


RMt4b^ fluoride 


KbF 


168 


992 




LIH 


139 


6W 




HlClg 


139 


io:iu 




Mil MCI 




^5 


B^ry 1 1 XUM I luor loo 




12S 


. B(K) 


SodtuB cblorld« 


NaCI 


123 


•803 


D^^A mm i >M> f liiAi^ IiIa 




lit 


860 




CaSiO^ 


115 


1512 




llgClg 


109 


708 


LlthlOa bydroxids 


Ll(^ 


103 . 


462 


Ibigiieslua fluoride 




95 


1396 


Lithlua fluoride 


Lir 


93 


8^ 


SodlUB silicate 


NaSlOj 


84 


1087 


Iroo chloridtf 


fsClg 


82 


677 


Potaiwlua cblorld« 


fCCl 


82 


776 


LithiuM silicate 


LlSiO^ 


80 


1201 


Boric ualde 




76 




LitbiiuH i hiiir iiU' 


tICi 




613 


liangaifoHO trhlorido 




71 


708 


Chro«lu» chturldc 


CrClj 


66 


814 * 


AlUnlQuv cblorlde 


AlgCl^ 


63 


190 


Sodliui brovlde 


tla8r 


61 


'742 


Potassliia browide 


KE^ 


59 


i' 730 


Sodliw bydroxlde 


NaOU 


38 


318 

♦ 


tltbiua broMlde 


LiBr 


34 


547 


F^tasulua Dltrate 


I0K>3 


28 


" 337 


^ dbps»r cblorlde 

' i • 


CuCl 


25 


430 



ERIC 
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Appendix B-1 
• Useful Solar Flux Quantities 



r 



Quantiiy 



MJjmn Biulft^k 



^Sxtr»terr«Btrial »oUr flux (Solsr CoMtant) 
DttMrt s«ftlevel, nooUf dirtfct (D) 
D«««rt ssA level, noon, direct ♦ scattered (IWS) 
Stendard sea level » oooa, <D) 
Staodard aealevel, kio<hi» (I^S) 
Urten, typical, noon, (D> 
IDrbaD, typical, uooo, (I>*S) 
24b average, Deaert, fully tracl|.ing. <D*S) 
24ti average Doeert , fixed k tilt, (DfS) 



1.353 

0.97 

1.05 

0.93 

1.03 

0*61 

0.81 

0.40 

0.24 



4.871 

3.49 

3.78 

3.35 

3.71 

2.16 

2.92 

1.43 

0*87 



429.2 
34)8. 
334. 
^5. 
327. 
i93. 
257. 
149. 
76. 



ave)«ge . 



Ratio, fiooii>^4fe avenge, Deaert, fulXy trailing, (O) 2.66 

Ratio, nooi»/24h average. Deaert , fully tracking. (DtS) 2.57 

Ratio. liooB/24h average. Deaert, fixed X tilt. (D) 4.30 

Ratio. oooD/2411 average. Deaert , fixed X tilt, (D+S) 4.20 

Ratio, extraterreatrial/24b average, Deaert, rt . <IHS) 3.40 

Ratio, extr#terreatrlal/24li average, Deaert, ri . <0*S) 5.55 



c 



Appendix B-2 

Normal ^tonth^y Average Temperature of Selected Cities 

(In Fahrenheit degrees. Airport daU uidess otherwiic noted. Based on 
standard 30-year period, 1931 to 1960.) 



LacJllofl 







Hv 






luft 


|W 






iXI 


H09 


UK 


Ann 


S3.0 


SS 2 


60.1 


67 6 


75.6 


81.5 


82 6 


82.1 


77 a 

' 


69,9 


§8.9 


54.1 


68 i 


7%\ 


26.8 


10.4 




45.6 


52 1 






48 9 


41.6 


J4, J 


71.4 


40.1 


49.7 




59.0 


67,2 




ftV £. 
m%.m 


89.8 


87.5 


82.8 


70.7 


5i.1 


51.6 


69 .Q< 


40,6 


^.4 


51.8 


62,4 


TO 


78 9 


8f 9 


■ I.J 


74. J 


6). 1 


49.1 


41.9 


61.7 


^4 4 


«.2 


570 


59.4 


670 


64.8 


69 f 


69 1 


68.5 


64.9 


• 61.1 


549 


6^.9 
60.4 


4).2 


49.2— ^$1.4 


$8.4 


64.6 


705 


7f4 


74.1 


71 6 


61.5 


52.9 


46.4 


$0 7 




5f 7 


55.7 


57.4 


59n 


588 


59.4 


62.0 


67.4 


57,4* 


52.5 


56,8 X 


21.^ 


111 


16 4 


464 


^6 2 


66 5 


72.9 


71.5 


61 0 


11,4 


17.7 


116 


49.5 


26.0 


27 1 


160 


445 


59.9 


68.7 


71.4 


71.2 


61.1 


51,0 


411 


28.9 


498 


H4 


ns 


4t.l 


52 I 


62.7 


71.4 


76 0 


74 ) 


676 


. 56 6 


454 


15 1 


54.1 


1&9 


178 


44.8 


55.7 


65.8 


74 2 


78.2 


76.5 


69 7 


590 


47.7 


18.1 


57 0 


H.^ 


57.5* 


62.2 


6#.7 


75.8 


to 8 


826 


82.1 


79.4 


71.0 


61 7 


56.1 


69 5 


66.9 


67.9 ^ 


70.5 


74.2 


77 6 


'80.8 


81 8 


82.1 


8i 1 


77.8 


72.4 


6S.I 


75.1 • 


44 7 


46.1 


51.4 


' 60.2 


69.1 


76,6 


78.9 


78.2 


711 


62.4 


51.2 


44.8 


61.4 


72. S 


72.4 


72.8 


74.2 


75.9 


7 7.9 


78,8 


79.4 


79.2 


78.2 


75.9 


73.6 


75 9 


29 1 


M.5 


41.7 


50.4 


58,2 


^8 


25.2 


72.1 


62.7 


51.6 


ii.6 


32.2 


$1.0 


26.0 


27.7 


)«.l 


490 


60.0 


70$ 


^$.6 


74.2 


66.1 


55.1 


19.9 


79 1 


508 


25.7 


2&4 


57.6 


50.g 


61.5* 


71 7 


76.0 


74.1 


664 


$5 J 


19,7 


29.1 


$14 


29.1 


11.1 


38.9 


508 


61.4 


7M 


75.2 


71.7 


66 S 


55.4 


4^9 


11. 1 


52 1 


199. 


2M 


91.8 


48? 


6d.6l 


7t 0 


76 1 


74.1 


65 4 


54.2 


17.1 


25.1 


49 2 


MO 


36J 


44.5 


56.7 


66.0/ 


76,5 


809 


80.8 


71. i 


59.9 


4 4.4 


35.8 


57 1 


i^Q 


158 


41 J . 


54.8 




71.4 


776 


76.2 


69 5 


5 7.9 


44,7 


36,3 


55.7 




• M 1 


61 4 


67 9 


?4 4 




81 fa 


8! 9 


711 i 


m 4 


60 


55 4 


686 


/I $ 




n 4 


4^ 


s 1 (f 




hn 1 


1^ n 


I 


411 fi 


18.1 


2« 8 


45 0 


U.% 


15.7 


41 f 


S4 2 


64.4 


?2 5 


/6,8 


tso 


68.1 


57 0 


45.5 


15.8 


55.2 


299 


30.} 


17.7 


4 7.9 


588 


678 


71 7 


71 7 


6S J 


55.0 


449 


33.3 


514 


269 


27.2 


14.8 


47 6 


590 


69 7 


74 4 


72 8 


6S 1 


^.).8 


40 4 


79.9 


50.1 


?SJ 


15 7* 


21 i 


18 0 


496 


S90 


646 


64,0 


5S g 


46M 


11.1 


2a9 


40 6 


8.7 


tOB 


21 1 


17 0 


49.2 


S8 8 


65 5 


618 


54 7 


44 6 


27 1 


14 0 


17 9 



AK luniMi 

All LHttv Kodi 
CA tot AnfH*! 

Wn ^r^mhco^ 
CO (>«m«r 
CT Hiftford 
Df WHmif^fon 
DC Hr^ihti^on 

tacl(tonv8l« 

CA AlUnu 

HI Ho^KM^ 

IL CHl€4fO 

lA Dm tAo^tei 

1 A Ml'* CXfim 
Ml fmll4n*l 
MD B^fifnofe 
MA Bo«ion 
Mf D^rrcWt 

S4ti1l Sic. Mtfw 
MN Dutufh 

91 P#ti< 124 IS 7 27 4 44,1 57 1 66 8 72.1 

MS )44.kuin 47 9 MJ S 56 5 64 9 711 79 8 82 1 

MO Karvm Ciiv it 7 fS 8 411 SS 7 65,6 7^9 815 

51 ivmn (1 9 14 7 42.6 -S4^ ,64 2 74 1 7|.f 

MT i,rt*t f 4m .?? I 218 10 7 4 lb SlO S9 9 ti9 4 

Om*Ki J J. I ^6 5 16,9 51 7 falO Ml 78 5 

RcftO (0 4 H.6 41 S 48.0 Sl.9 60 1 67 7 

^^M €o<K«>fd ?t.? 2?.? I1,7 4»8 S M ^ 696 

H\ A(t«)i4 f iiv W i 14 7 41 I ^10 #,11 TOO 7S I 

^M Albuqwr^rt- ^0 4S S S5.; ' #,S I 74 9 /8 S 

NV Althtny 22 7 ?3 7 ^1,0 46,2 S7.9 67.1 7^1* 

Buffalo 74 5 24 1 115 4I 5 54 8 64 8 69 8 

New Yofk? U.2 n.4 40.5 M 4 62 4 71 4 76 8 

^K. C.h«4(i!tr 4: 7 44. i SOO 60 1 d'i 0 7 7 1 79 2 

Rjlci^ 4f 6 41 0 49.S \ It/6 /S { 779 

ND BiVB*rtk 9.9 H S 26 J 41 S SS9 64 S 7t 7 

OH Ll»Kift«4hf H 7 15 I 42 7 54 2 64 2 7^ 4 76 9 

Ur*rl*ftd 28.4 28.^ H.I 47,0 S8.0 67.8 719 

ColfimNn 29.9 1! 1 W.9 50.8 6» 5 m.B 74 8 

, OK OkljtwimjC ii> WO 4t t 48 5 59 9 68 4 7*0 82 S 

OR PwiUmJ M 4 42 0 46 1 S f R S/4 62 0 1.7 2 

PA Phn-iklp4>*j Hi 410 52 0 62.6 MQ '/Sh 

P{!f*buf ({fi 9 29 2 16 8 49 0 59 8 68 4 7 2 1 

R» PfovKf*ftt« ?9 2 29 7 47 2 < 7 5 66 2 72 f 

^ Columbia 46.9 48.4 S4.4 6} 6 72 2 79 7 g|.6 

SO Siown r4tU 1^2 19 1 10 1 4S 9 J 68. t 74 J 

FN M<^f|6i* 4l S 44,1 S! f 614 70 1 78 5 81 1 
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Appendix B-3 



Normal Total Heating Degree-Days 
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Appendi^c B-4 
Mean Daily Solar Radiation (Langleys*) 
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Appendix B-5 
# Solar Position and Insolation Values 
24 [^grees North Latitude 
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2396 



63 
150 



64 

152 



226 229 

28S 288 

322 326 

334 339 



2428 2^>56 



5 
77 
157 
227 
282 
316 

328 



25 
137 
^21 
282 
319 

332 



2300 



53 
150 
230 
291 
328 

341 



2436 



62 
149 
225 
283 
320 

133 



2412 



4 

70 
149 
220 
27S 
309 

321 



245812374 



44 



28 
145 
228 
287 
324 

336 



2360 



56 
1S1 
228 
267 

.323 

335 



2424 



59 
142 
214 
270 
30S 

317 



2298 



62 
137 
206 
259 
293 

305 



2228 



51 
122 
186 
237 
269 

280 



2016 



90 • 



31 
127 
176 
207 
226 

232 



1766 



46 
102 
141 
168 
185 

191 



1476 



27 
64 

95 
120 
135 

140 



1022 



• 2 
10 
16 
46 
61 
74 

79 



488 



May 21 





6 


8.0 


108.4 


86 


22 


7 


5 


21.2 


103.2 


203 


98 


8 


4 


34.6 


98.5 


248 J 


171 


9 


3 


48.3 


93.6 


269 


233 


10 


2 


62.0 


87.7 


280 


281 


11 


1 


75,5 


76.9^ 


286 


*311 


12 


86.0 


0.0 


288 


322 



Surface dally toUls 3032 



2556 



15 
85 
M59 



10 
73 
145 



224 210 
2751 261 



307 

317 



293 
304 



9 

59 
127 
190 
239 
270 

281 



44 

106 
165 
211 
240 

250 



2447 2286 



2072 



1800 



5 

12 
15 
16 
22 
34 

37 



246 



|un 21 



6 
7 
8 
9 
10 
11 



12 



9.3 


1 11.6 


9? 


29 


22.3 


106.8 


201 


103 


35.5 


/02.6 


242 


17.^ 


49.0 


98.7 


2G« 


214 


^,6 


95.0 


274 


280 


76.3 


90.8 


279 


309 


89.4 


0.0 


281 


319 



20j 


12 


87i 


73 


15V 


142 


2l\ 


2,04 


269- 


253 


300 


283 


31TJ 


294 



Surface dally totals 2994 



2574 



2422 



^230 



12 
58 
122 
182 
229 
259 

269 



11 
41 
99 
155 
199 
2?7 

236 



7 

13 
16 
18 
18 
19 

22 



1992 



1700 



204 





SoUr 


position 


BTUH/sq. ft. toul insolation on surfaces 
























AM 


m 


Alt 


A/m 






South facing surface 
angle with horU, 












J^ormal 


Hun/. 


14 


24 


34 


44 






6 
7 
8 
9 

11 


6 
5 
4 

3 
2 
1 


8.2 
21.4 
34.8 
48.4 
62.1 
75,7 


109.0 

ior.8 

99.2 
94,5 
89.0 
79.2 


81 
195 
239 
261 
272 
*Q78 


23 
98 
169 
231 
278 
^7 


f D 

85 
157 
221 
270 
302 


1 1 
1 1 

73 

143 

207 

256 

287 


1 n 

1 V 

59 
125 
187 
235 
26S 


Q 

44 

104 
161 
206 
235 


O ■ 

13 
16 
18 

21 
32 




12 


86.6 


0.0 


280 


317 


312 


298 


275 


245 


36 




Surface cUlly totals 


2932 


2526 


2412 


2250 


2036 


1766 


246 


Aug 21 


6 
7 
8 
9 
10 
11 


6 
5 
4 

3 
2 
1 


5.0 
18.5, 
32.2 
45.9 
59.3 
71.6 


101.3 
95.6 
89.7 
82,9 
73.b 
53.2 


35 
186 
241 
265 
278 
284 


7 
82 
158 
223 
27i 
304 


5 
76 

222 
275 
309 


4 
6^ 
146 
214 
268 
301 


4 

60 

1 14 

200 
252 
285 


4 

50 
1 1 S 
181 
230 
261 


2 
11 
1 6 

39 
58 

71 




12 


78.3 


0.0 


' 286 


315 


320 


313 


296 


272 


75 




Surface daily totals 


2864 


24M'* 


2402 


2316 


2] 68 


1958, 


470 


Sep 21 


7 
8 
9 
10 
11 


5 
4 

3 ^ 

2 

1 


13.7 
27.2 
40.2 
52.3 
61.9 


83.S 
76.B 
67.9 
54.8 
33.4 


173 
248 

278 
292 
299 ' 


57 
136' 
ZQS 
258 
291 


60 
144 

218 
275 
311 


60 
146 

221 
278 
.315 


59 
143 
217 
273 
W9 


56 
116 
206 
261 
295 


26 
62' 

93 
.-116 
4 131 




12 


66.0 


0.0 


301 


302 


323 


327 


321 


30& 


^ 136 




Surface daily touls . 


2878 ' 


2194 


2342 


2366 


2322 


2212 


i 

992 


Oct 21 


7 
8 

9 
10 
11 


5 
4 
3 
2 
1 


9.1 

11^ 

44.7 
52.5 


74.1 
66.7 
57.1 
43.8 
24.7 


* 118 
247 
284 
301 
309 


32 
' 111 
180 
234 
268 


40 

129 
2d6 
265 
301 


45 
139 
217 
277 
315 


48 

144 
223 
282 
319 


50 
145 
221 
279 
314 


42 

99 
t38 
165 
182 


• 


12 


55.5 


O.O 


311 


279 


314 


328 


332 


327. 


188 




Surface dally touls 


2868 


1928 


2198 


2314" 


2364 


2346 


1442 


Nov 21 


7 
8 
9 

10 
11 


5 
4 
3 
2 
1 


4.9 
17.0 
28.0 
37.3 
43.8 


65.8 
58.4 
48.9 
36.3 
19.7 


67 
232 
282 
303 
312 


^ 
82 
150 
203 
236 


16 
108 
'186 
244 
280 


20 
123 
205 
265 
302 


24 
135, 
217 
2)8 
316 


27 
142 
224 
283 
320 


29 
124 
172 
204 
222 




12 


46.2 


0.0 


315 


247 


293 


315 


328 


332 


22£i 




Surface daily touls* 


2706 


1610 


1962 


2146 


2268 


2324 


1730 


Dec 21 


7 
8 
9 
10 
11 


5 
4 
3 

2 
1 


3.2 
14.9 
25.5 
34.3 
40.4 


62.6 
55.3 

46.t) 
33.7 

i%.2 


'30 
225 
281'. 
304 
314 


.3 
71 

. 137 
t89 
221 


7 
99 
I 176 
1234 


9 
116 
198 

,2^8 
295 


11 
129 
214 

275 
312 


12 
139 
223 
283 
320 


14 
130* 
184 
217 
236 




. 12 


42.6 


I o.e 


317 


232 


282 


308 


325 


^ 332 


243 






SiirCace dally totals 


^624 


1474 


l|52 


2058 


2204 


2286 


1808 



1 BTUH/SQ. FT. = 3.1 52 W/m* v ^ , 

NOTE; 1) Based on data in Tadk 1, p; 387 in ref. (3|;0% ground rt;flecunce: 1 .0 
cl«arnefis factor. . ; 

, 2) S^ Fig, 4, p. 394 in (3j for typical rei^onal clearness factors. 
3f* Ground reflection not included on norma! or hOrUontal surfaces. 



. 32 Degrees Norttx Latitude 



Ian 21 



FA 21 



SoUr 
tttnc 



AM 



5 
4 

iffTz 
11 



12 



All 



M 
12.5 
22.5 
30.6 
36.1 

3S.0 



A/n* 



33.1 
17.5 

, 0.0 



1 

203 

295 
306 

310 



Surface daMy totah 2458 



•0 
4 



Mar 21 



7.1 


33 
764.4 


121 


19.0 


247 


29.9 


§3.'« 


288 


39.1 


39.4 


106 


4S.6 


21.4 


3J5 


48.0 


0.0 


317 



7 


5 


12.7 






4 


2SJ 




9 


3 




62.1 


10 


2 


47.3 


47.5 


11 


1 


55.0 


^ 26.8 


12 


58.0 


0.0 



185 

260 
290 
304 

3H 

313 



it 
56 
118 

167 

m 

209 



1288 



22 
95 
161 
212 
244 

2s«; 



1724 



54 

129 
194 
245 

277 

287 



Surface dalV touts 301 2* 



6 


6 


6.1 


99.9 


7 


5 


to 


92 2 


8 


4 


31J 


84jO 


9 


3 


43-9 


74,2 


1Q 


2 


55.? 


60.3 


11 


1 


65.4 


37^ 


12 


69.6 


0.0 



66 
206 
2i5 
278 
290 
295 

297 



Surface daily totait 3076 



2084 



14 

220 



d 

n 

171 
2J5 
273 

285 



v^tit i*ffm t^'**^ 

M \ 4i */ 



1839 



34 

127 
206 
266 
304 

3 16 



2188 



60 
t4« 
222 
280 

317 

329 



2378 



2008 



37 
136 
217 
778 
317 



2300 



60 
147 
224 
283 

ft I 

333 



2403 



267| 279 
313 



297 

307 



2390 



9 

156 
17'. 



325 



2444 



6 

/r 

148 

21? 
272 
306 

318 



rJ56 



« *t 
116 
2f»6 

m 

2118 

,s 

222 

n% 

321 
3J4 



2*45 



144 

11% 
115 

32lf 



101 



f 

\n 

141; H/i 

2i2:r 

2W 



2244^ 



2206 



r994 



Mjy 21 



6 

7 

9 
10 
11 



12 



10.4 

22.8 
35.4 
^8.1 
60.6 
72.0 



107.2 
100.1 
92.9 
84.7 
73.3 
51.9 



78.0 0.0 286 



119 
211 
250 
269 
'280 
285 



36 q 

107 
175 
233 
277 
305 

315 



21 
88 

159 
223 
273 
305 

315 



13 
75 
145 
209 
259 
290 

301 



13 
60 
127 
188 

237 
268 

278 



' 12 
44 
105 
163 
208 
237 

247 



Surface daily totals 3112 



2582 



2454 



2284 



2064 



1788 



Jun21 



6 




6 


.12.2 


110,2 


131 


7 




5 


24.3 


103.4 


'210 


8 




4 


36.9 


%,8 


245 


9 




•3 


49.6 


89.4 




10 




2 


62.2 




2^4 


11 




1 


74.2 


60.9 


279 


12 


81.5 


^ 0.0 


280 



45 
115 
180 
236 
279 
306 

315 



26 
. 91 
159 
22! 
268 
299 

309 



16 
76 
141 
204 
251 
282 

.^92 



15 
59 
122 
18! 
227 
257 

267 



M 
41 
99 
153 
197 
224 

264 



Surface daily totals ^ 3084 2634 



2436 



2234 



1690 



04te 


SoUr 


SoUr ^ 
position 


BTUH/tq. ft. toul insoUtton on surfaces 




AM 


m 


Alt 








South facing surface 
ai%k with hofiz. 


m 












Normal 


Horf/. 


22 




42 


52 


90 


)ui21 


' 6 
7 
8 
9 
10 

rt 


5 
4 

3 
2 
1 


10,7 
23.1 
35J 
48.4 
€0.9 
72.4 


107.7 
100.6 
93.6 
8515 
74.3 
53.3 


^113 
203 
J41 
261 
271 


31 
107 
174 
' 231 
274 
302 


22 

^% 

1 

220 
269 
300 


14 

75 
1*43 
105 
254 
^285 


13 
60 
125 
185 
232 
262 


12 
44 

104 
159 
204 

%32 


8 

14 1 

16 
31 
54 
69 




12 


78.6 


0.0 




31 1 


310 


296 


273 


242 


■ 71 




Surface daily touJ& 


3012 


2558 


2422 


2250 


2030 


1754 


458 


Aug 21 


6 
7 
8 
9 
10 
11 


6 
5 
4 

3 
2 
1 


6.5 
19,1 
31.8 
44.3 
S6.1 
66,0 


1(K}.S 
92.8 
84.7 
75J) 
61.3 
18.4 


59 
190 
240 

263 
. 276 
^ 282 . 


14 

85 
156 
216 
262 
292 


9 

77 
152 
220 
272 
i05 


7 

69 
144 

212 
264 

298 


6 
60 
132 
197 
249 
281 


6 
50 

1 78 
226 
257 


4 

12 
33 
65 
91 
107 




12 


70.3 


0.0 


284 


302 


317 


309 


292 


268 


113 




Surface daily totals 


2902 


2352 


2388 


2296 


2144 


1934 


736 


Sep 21 


7 
8 
9 
10 
11 


5 
4 

3 
2 
1 


12.7 
2S.1 
36.8 
47.3 
5S.0 


81.9 
73.0 
62.1 
47.5 
26.8 


163 
240 
272 
287 
294 


51 
124 
1E8 
237 
268 


56 
140 
21 3 
270 
306 


56 
141 
215 
273 
309 


55 
lf38 
21 1 
268 
303 


52 
131 

255 
289 


30 
75 
114 

1 

1 43 

164 




12 


S8.0 


0.0 


296 


278 


318 


321 


315 


300 


171 




Surface 


daily totals 


2808 


2014 


2288 


2308 


2264 


2,154 


1226 




.7 
8 
9 
10 
11 


S 
« 

3 
2 
1 


6.8 
18.7 
29.5 
38.7 
45.1 


73.1 
64.0 
53.0 
39.1 
21.1 


99" 
229 
111 
293 
302 


19 
90 
155 
204 
236 


29 
120 
!98 
257 
294 


32 

128 

2ds 

269 
307 


34 

133 
213 

i\ 


36 
134. 
212 
270 
306 


32 

104 . 

1 

1 5i 
ie8 
209 




12 


47.5 


0.0 


304 


247 


306 


320 


324 


318 


217 




Surface daify totals * 


2696 


1654 


2100 


2208 


2252 


2232 


1588 


No%21 


7 
8 
9 
i5 

11 


5 
4 

3 
2 
1 


1.5 
12.7 
22.6 
30.8 
36.2 


6i.4- 
56.6 
46.1 
33.2 
17.6 


2 

4 263 
289 
301 


0 
55 
113 
166 
197 


0 
91 
173 
233 
270 


* Q 
104 
190 
252 
291 


1 

113 
202 
265 
303 


1 

119 
208 
270 
• 307 


i 1 
111 
176 
217 
241 




12 


38.2 


0.0 


* 304 


207 


282 


304 


316 


320 


249 




^llj^face daily totals 


2406 


,1280 


1816 


1980 


2084 


2130 


1742 


Dec 21 


' 8 
- 9 

10 

11 


4 

3 
2 
1 


10.3 
19.8 
27.6 
32.7 


53.^ 
43.6 
31.2 
16.4 


176 
257 
288 

301 


41 

102 
150 
180 


77 
161 
221 
258 


90 
180 
244 
282 


101 
195 
259 
298 


108 
204 
267 

305 


107 
'181 
226 
251 




12 


34.6 


. 0.0 


304 


190 


271 


295 


311 


318 
— V 


259. 




Surface daHy toulf 


2348 


113€mp 


m4 


18&8 


2016 


2086 
' 1 


1794 



1 BTUH/SQ, FT. = 3.152 1^/m» 

NOTE: 1) Based on dauHn T^Vl, p; 387 in rcf. |3l ; 0% ground reflectance; 1,0 
L clearness factor, 

T 2} See Fig. 4. p. 394 In |3j for typical regional clearness factws-.' 

XK rirrxtiw^A r«^f{»rtin#> nnt inrifidrd tin noffTiai Of horizontal surfaces. 



40 Degrees North Latitude 



Date 



SoUr 
timt 



Solar 
position 



TUH/sq. ft. total insolation on iwfacc* 



AM 



Feb 21 



PM 



Alt 



12 



8 J 
16.8 
23J 
28.4 

30.0 



NOrrn^ 



Hori/. 



55.3 
44,0 
30.9 
1^0 

0.0 



142 
239 
274 
289 

294 



Surface dally totafe 2182 



7 


5 




72.7 


69 


8 


4 




6t.2 


224 


9 


3 


25-0 


50.2 


274 


10 


2 


32.8 


35.9 


- 295 


11 


1 


^8.1 


18.9 


305 


12 ^ 


40.0 


o'^o 


308 



28 
83 
127 
154 

164 



948 



132 
178 
206 

216 



South fadi^ surface^ 
angle with hof 



•30 



65 
155 
218 

257 



40 



1660 



19 
114 

195 
256 
293 

306 



74 
171 

237 
277 

291 



50 



1810 



21 

122 
205 
267 
3(^ 

319 



81 
182 
249 
290 

303 



1906 



23 
126 
209 
271 
310 

323 



60 



85 
187 
254 

293 

3M 



90 



1944 



24 

127 
20fii 
267 
304 

317 



84 

171 
223 
253 

263 



1726 



22 
107 
167 
210 
236 

245 



Surface dally touls 2640 



1414 



2060 



2162 



2202 



2176 



1730 



Mif 21 



7 


5 


11.4. 


' 80.2 


" 8 . 


4 


22.5 


69.6 


9 


3 


32.8 


57,3 


10 


2 


41.6 


41.9 


11 


1 


47.7 


22.6 


12 


50.0 


0.0 



171 
250 
282 
297 
305 

307 



46 

114 
173 
218 
247 

257 



55 
140 
215 
273 
310 

322 



55 
141 

217 
276 
313 

326 



54 
138 
213 
271 
307 

320 



131 
202 

305 



35 
89 
138 

200 
208 



Surface daHy totals 



55— 

2916 



1852 



2308 



2330 



2284 



2174 



1484 



Apr 21 



6 


6 


7.4 


98.9 


7' 


5 


18.9 


89.5 


8 


4 


30.3 


79.3 


9 


3 


41.3 


^67,2 


10 


T 


51.2 


51.4 


1 1 


1 


58.7 


^ 29.2 


12 


61.6 


^ 0.0 



89 

206 
252 
274 
2a6 
292 

2* J 3 



20 
87 
152 
207 
250 
277 

287 



11 

77 
153 
221 
275 
308 

320 



May 21 



Surface 


dally totals 


5 


7 


1.9 


n 1.7 


6< 


6 


12.7 


105.6 


7 


5 


24.0 


96.6 


8 


4 


3S.4 


87.2 


9 


3 


46.8 


76.0 


lb 


2 


57.5 


60.9 


11 


1 


66.2 


37.1 


12 


70.0 


0.0 



3092 



2274 



2412 



1 

144 
216 
250 
267 
277 
283 

284 



Surface dally totals 



|un21 



5 


7 


4.2 


117.3 


, 6 


6 


14.8 


Il?6,4 


7 


5 


2f».0 


99,7 


8 


4 


37.4 


90.7 




3 


48 8 


80.2 


10 


2 


59.8 


65:8 


11 


1 


69.2 


41.9 


12 


73,5 


0.0 



3160 



22 
155 
216 
246 
263 
2^2 
277 

279 



Surface daily totaU 31§0 



0 

49 
214 
175 
227 
267 
^93 

301 



2552 



2648 



0 

25 
89 
158 
221 
270 
301 

312 



8 

70 
145 
213 
267 
301 

313 



2320 



2442 



3 
30 
92 
159 
219 
266 

30f 



2434V 



0 
15 
76 
144 
206 
255 
287 

297 



61 

133 
199 
252 
285 

29iS 



2168 



2264 



3 
18 
77 
142 
^202 
248 
278 

,289 



2224 



0 
14 
60 
125 
186 
233 
264 

274 



5<M 
117 

179 
229 
260 

271 



4 

12 
53 
^3 
126 
147 

154 



1956 



1022 



2040 



2 
17 
59 
121 
179 
224 
25 3 

263 



1974 



0 
13 
44 
104 
160 
205 
234 

243 



1760 



0 
9 
13 
25 
6d 
89 
108 

114 



724 



2 
16 
41 
97 
151 
194 
221 
230 



'1 
10 
14 
16 
47 
74 
92 

98 



1670 



610 



180 



B-5 



) 



ERIC 




Dale 


SoUr 
time 


SoUr 
position 


BTUH/sq. ft. toUfi^latlon on surfaces 




AM 


PM 


Alt 


Azm 


formal 




South facir^ surface 
angle with horiz. 




i 

iul2l 


5 

1 
% 
9 
10 
11 


7 
0 

5 • 

4 

3 

2 

1 


2,3 
\\\ 
24.3 
35.8 
47.2 
57.9 
66J 

70.6 


1 


hforiz. 


30 


40 


50 


60/ 


90 


115.2 
106.1 
97.2 
87.8 
76.7 
61.7 
37.9 

0.0 


2 

1 48 
208 
241 
259 
269 
275 0 

2/6 


0 

- 50 
114 
174 
225 
265 
290 

298 


0 
26 
S9 
157 
218 
266 
296 

307 


0 

17 
"75 
142 
203 

Ofi 1 
Z3 1 

281 
292 


0 

IS 

60 
124 
182 ' 

2S8 

269 


. 0 
14 
44 
102 

228c 
238 


0 
9 
14 
24 
> 58 
86 
104 

1 1 1 




12 




Surface c 


Jaily iotaU 3062 


2534 


2409 


2230 


2006 


1728 


702 


A142I 


6 
7 
8 
9 
10 
11 


6 
5 
^ 

3 
2 
1 


7.9 
19.3 
30.7 
41.8 
51.7 
59.3 

62.3 


99.5 
90.9 
1^9 
67.9 
52.1 
29.7 


. 81 
191 
237 
260 
272 
278 , 


a\ 

87 
150 
205 
246 
273 

^82 


12 

76 . 
ISO 
216 
267 
300 

. 31 V 
J i 


9 
69 
141 

259 
292 

."303 


8 
60 
129 
1 7 J 
244 
276 

287 


7 
49 
113 
1 / J 
221 
252 

262 


5 
iJ 
50 
89 

120. 

140 

147 






f 

Surface 


daUy totals 2916 


22^4' 


2354 


2258 


2104 


1894 


978 t 


Sep 21 


7 
8 
9 

10 

n 


5 
4 
3 
2 
1 


11.4 
22.5 
3^.8 
41.6 
47.7 

50.0 


S0.2 

69.6 
57.3 
41.9 
22.6 

0.0 


149 

230 
263 
280 
2W1 

290 


43 
109 
167 
21 1 
239 

249 


51 

1 3i 
206 
262 
298 

310 


•51 

1 "XA 

1 3h 

208 
265 
301 

313 


49 

1 J i 
203 
260 
295 

307 


47 

193 
247 
281 

292 


32 

a4 

132 
168 
192 

200 


12 




Surface 


daUy 1 


.Ota Is 2708 


1788 


2210 


2228 


2182 

— 


2074 


1416 


Oct 21 


7 
S 
9 
0 
11 


5 
4 

3 
2 
1 


4.5 

15.0 

24.S 
U.4 
37.6 


72.3 
61.9 
49.8 
35.6 
18.7 

0.0 


48 

204 
257 

" 280 
291 

294 


7 
68 

12ft 
170 

208 


10< 

to. 

24f. 
2S'J 

29S 


15" 
113 
1 7 .7 

257 
295 

308 


17 
. 117 
200 
261 
299 

312 


17 
118 
198 
257 
294 

306 


16 
100 
160 
203 
229 

238 


12 


39.5 




Surface 


daily touts 2454 


1348 


1962' 


' 2(^0 


2098 


2074 


1654 


Nov 21 


8 

1 9 

.'10 
11 


4 

3 
2 
1 


8.2 
17.0 
24.0 
28.6 


55-4r 
44.1 
^1.0 

16.1 

0.0 


283 
288 


28 
82 
126 
153 

. 163 


63 
152 
215 
254 

267 


72 
167 
233 
273 

287 


• •78 
178 
245 
285 

298 


82 
183 
249 
2g8 

301 


81 
167 

219 
248 ^ 

258 
— ^ 


12 


30.2 




Surface 


bdaily 


totals 2128 


942 


1636 


1778 


1870 






Dec 21 


8 
9 
10 
11 


4 

3 
2 
1 


5.5 
liC 
20., 
25.fi 


53.0 
1 41.9 

29.4 
\ 15.2 


89 
217 
261 
2^ 


14 
65 
lOJ. 
^'-"134 

143 


39 
T3| 

239 
25] 


45 

221 

262 

\ 21i 


" 1^64 
235 
27£ 

^ 29C 


r'^54 
171 
242 

^ 282 

) 29€ 


.56 
t63 
, 221 
\ 252 

\ 263 


12 


26.( 




Surfac^ 




Totals 1978 


782 


148( 


) 163^ 


\ J74( 


) i;9e 


4 1646 



Based on daU in Table 1, p. 387 in rel. Ul ;0% gfound rcfiecunce; 1.0 
ciMfness factor. 

tjfcig. 4, p. 394 in 131 for typical. regional clearness factors. 
^QMvA reflection mit* Inclwled on normal or horizonul surfaces. » 



J 



..I 




48 Degrees North Latitude 



Date 



AM 



tan21 



Feb 21 



Mw21 



Apr 21 



Solar 
time 



PM 



12 



Solar 

position 



Alt 



3.5 
11.0 
16.9 
20.7 

22.0 



Azm 



S4.6 
42.6 
29.4 
15.1 
0.0 



BTUH/sq. ft. total Insolation on uirtace* 



Nwrnal 



37 
185 
239 
26J 

267 



Surface dally totals 171Q 



7 


5 


2.4 


72.2 


12 


1 


i 


4 


11.6 


60.5 


188 


49 


9 


3 


,19.?. 


47.7 


251 


100 


10 


2 


26.2 


33.3 


278 


• 139 




1 


30,5 


17.2 


290 


• 165 


12 


32.0 


0.0 


293 


173 



Surface dally lotjfe' 2330 



Moriz. 



4 
46 
83 
107 

115 



596 



7 


5 


10.0 


8 ' 


4 


19.5 


9 


3 


28.2 




2 


35.4 


11 


1 


40.3 


12 ■ 


42.0 



1080 



S urface dally toUls 
■ ' ' ' 97.8 



2780 



May 21 



5^08^-86.1.. 



12 



53.6 0.0 



Surface dally totals 3076 



5 


7 


5.2 


114.3 


6 


6 


14.7 


103.7 


7 


5 


24.6 


93,0 


S 


4 


34.7 


81.6 


9 


3 


44.3 


68.3 


10 


2 


53.0 


51.3 


Ml 


1 


59,5 


28.6 


12 


62,0 


' 0.0 



Surface dally totals 3254 



lun21 


5 


7 


7.9 


116.5 




6 




17,2 


106.2 




7 


5 


27.0 


95.8 




8 


- 4 


37.1 


84.6 




9 


3 


46.9 


71.6 




10 


2 


55.8 


54.8 




n 


1 


^62.7 


31.2 




12 


65.5 


0.0 



Surface dally totals 3312 



1578 



South factf^ surface 
af^te with hoftx^ 



38 



17 
120 
190 
231 

245 



1360 



3 
95 
178 
240 

278 

291 



1880 



2208 



48 



19 

206 
249 

264 



58 



1478 



4 

102 
187 
251 
290 

304 



21 
140 
216 
260 

275 



1550 



68 



22 
145 
220 
263 

278 



90 



1578 



1478 



1972 



315 



2228 



2106 2358 



2266 



2482 



^ 280 29 
275^' Wl --^ 



2626 



2418 



•4 
105 
191 
255 
294 

307 



2024 



2182 



2114 



4 

106 
190 
251 
288 

301 



1978 



2014 



264 



1902 



292 



2234 



22 
139 
206 
243 

255 



4 

96 
167 
•217 
247 

258 



V720 



1632 



1262 



13 



2010 



2420 



1950 



1728 



982 



1644 



374 



V 



182 



B-5 



Date 


Sol«r 
time 


Solar 
position 


BTUH/sq. ft. toul InsoiatkHi on surfaces 






AM 


PM 


Alt 


Azm 






South facing surface 
, angle with KorU. 










h 




NcM'mal 


Horlz. 


38 . 


48 


. 58 


68 






lui 91 
|UI / f 


5 
6 
7 
8 
9 
10 
11 


7 
6 

4 

3 
2 
1 


5.7 
15.2 
25.1 
35.1 
44.8 
53.5 
60.1 


114.7 

J04.I 
^3,5 
. ^M' 
68.8 
51.9 
29.0 


43 
156 
211 
240 
256 

All 


10 
62 
118 
171 
215 
250 
i.1 i. 


5 
28 

fiO 

154 
214 

261 
291 


5 

' 18 
/5 

140 
, 199 

246 


4 

16 

CO 

121 
178 
224 
253 


4 

15 

42 

99 
153 
195 
■223 


3 
11 

1 4 

43 
83 
1 1 6 






12 


62.6 


0,0 


272 


279 


301 


286 


263 


232 


144 






Surface daU^otats 


3158 


2474 


2386 


22(K) 


1974 


1694 


956 




Aug 21 


6 
7 
8 
9 

10 
11 


6 
5 
4 
3 
2 
1 


9.1 
19.1 
29.0 
38.4 
46.4 
52.2 


98J 
87,2 
75.4 
61.8 
H5.1 
24.3 


99 
190 
232 
254 

. 272 


28 . 
8S 

189 . 
248 


1 A, 

75 
145 

210 
260 
293 


1 n 
67 
137 
201 
252 
285 


58 
125 
187 
237 
268 


fi 

47 
109 
loo 
214 
244 


20 
65 

146 

169 


• 




12 


54.3 


*6.0 


274 


256 




296 


279 


255 


. 177 






Surface daily totals 


2898 


2086 


2300 


2200 


2046 


1836 


^208 




Sep 21 


7. 
8 
9 

10- 
11 


5 
4 
3 
2 
1 


10.0 

19.5. 

28.2 

35.fl 

40,3 


78.7 
66.8 
53.4 

10 


131 

215 
251 
269 
278 


35 
92 
142 
181 
. 205 


44 
124 
196 

251 
287 


44 
124 

1^7 

254^ 

289 


43 
121 
193 
248 
284 


40 

115 
183 
236 
269 


31 
90 
143 
185 
212 


* 




12 


42.0 


0.0 


280 


213 


299 


302 


296 


281 


221 






Surface daily totajs 




1 

1 522 


2102 


2118 


2070 


1966 


1546y 




Oct 21 
• 


7 
8 
9 

10 


5 
4 

3 
2 
1 


2.0 
11,2 
19.3^* 
25.7 

mo 


71.9 
60.2 
47,4 
33.1 
17.1 


4 

H5 
233 
262 
274 


0 
44 
94 

133 
157 


1 

86 
167. 
' 22t 
266 


1 

91 
176 
239 

277' 


1 

95' 
180 
242 
281 


1 

95 
178 
239 
276 


1 

87 

' 157 
207 
237 


" m 

\ 




^12 


31,5 


0.0 


278 


166 


279 


291 


294 


288 


247 


* 




Surface daUy touls 


2154 


1022 


1774 


1860 


1890 


1866 


1626 




Nov 21 


9. 
10 
11 


■ 4^ 
3 
2 
1 


11.2 
17,1 
20.9 


54.7 
42.7 
29.5 
15.1 


36 
179 
233 
255 


5 
46 
83 
1«7 


17 

in 

186 

227 


19 
129 
202 
245 


21 
137^ 
212 
255 


22 
141 
215 
2S8 


22 
135 
201 
u 238 






12 


22.2 


0.0 


261 


115 


241 


259 


270 


'272 


250 






Surface daily totals 


1668 


596 


1336 


1448 


1518 


1544 


|442 




Dec 2^ 


9 

10 
11 


3 
2 
1 


8.0 
13.6 
17.3 


40.9 
28,2 
14,4 


140 
214 
^ 242 


27 
63 
86 


87 
164 
207 


98 
180 
226 


105 
192 
239 


110 
• 197 
244 


109 
190 
231 






12 


18.6 


0.0 


i 250 


94 


222 


241 


254 


260 


244 






Surface^laily totals * 


1444 


446 


1136 


1250 


1326 


1364 


1304 





1 BTUH/SQ. FT..= 3.152 W/m* 

NOTE: 1 ) Based' on daU in Table 1 , p. 387 In rcf. |3l ; 0% ground cefkcunce; 1 ,0 
^ . clearness factor. 

2) See 4, p. 394 in (3^ for typical regtonai clearness factors. 

Si Ground reflection not Included on nornul oT horizontal u^t^w^ . 



I 



ERIC 



if. 



56 Degrees North Latitude^ 



Date 


Solar 
time 


SoUr 
position 


BTUH/sq. ft. total insolation on surfaces 
ft — 




1 


m 




Aim 


Mormai 




South facii^ 
ai^e with tio 


sface 




Ian 21 


9 
10 
11 

12 


3 
2 
1 


5.0 
9.9 
12,9 

14.0 


1 


Hori2. 


46 , 


56 


66 


76 


90 


41.8 ■ 

28.5 

14.5 

0,0 


78 
170 
207 

217 


11 

39 

58 ' 
65 


50 
135 
183 

198 


55 
146 
197 

214 


59 
154 
206 

222 


60 

156 
208 

225 ^ 


oo 
153 
201 

217 




Surfaced 


aily totaK 1126 


282 


934 


1010 


1058 


1074 


1044 


[ Feb 21 


8 
9 

to 
ir 


4 
J 
2 
1 


7.6 
14.2 
19.4 

22.8. 

24.0 


59.4 
45.9 
31.5 
16.1 

0.0 


U9 
214 
250 
266 

270 


. 25 
65 
98 
119 

126 


65 

215 
254 

268 


69 

1 59 
225 
265 

2W 


'72 
162 
228 
268 

282 


72 
161 
224 
263 

276 


69 

15*^^ 

208 

243 

25S' 








Surface c 


iaily U 




1986 


740 


1640 


1716 


1742 


1716 


1598 


1 AJIir '^1 

1 * 


If 

8 

9 

10 
11 


5 
4 

3 
2 
1 


8.3 

16.2 
23.3 
29.0 
32.7 

34.0 


77.5 
^.4 
50.3 
34.9 
17.9 

0.0 


128 
215 
253 
272 
282 

284 


28 
75 
11¥ 
151 
172 

179 


^% 
119"^ 
.192 
249 
285 

297 


12^ 
193 
2S1 
' 288 

300 


39 
^117 
1^9 
246 
282 

294 


37 
111 
tBO 
234 
. 268 

280 


32 

97 . 
154 
205 
236 

246 


12 




Surface 


Elaily t 


otats 2586 


M268 


2€66 


2084 


2040 


1938 


1700 


I Apr 21 

1 * 

1 4i 


5 
6 
7 
8 
9 
10 
11 


7 

& 

5 

4 

3 

2' 

1 


1.# 
9.6 
18.0 
26,1 
33.6 
39.9 
44.1 


108.8 
96.5 
84.1 
70.9 
56.3 
39.7 
20.7 

'o.o 


0 

122^ 

201 

239 

260 

272 

278 

280 


0 

3? 

81. 
129 
169 
201 
220 

227 


0 
14 

• 

74 
' 143 
208 
259 
292 

303 


0 
9 

135 
200 
251 
^4 

'295 


0 
8 
57 
123 
186 
236 
268 

429 


0 
7 
46 
108 
167 
214 
245 

255 


0 
6 

29 

82 

133* 
. 174 
^00 

209 1 


12 


45.6 




Surface 


daily 1 


totals 3024 


1893 


2282 


2186 


2038 


1830 


1458 

* 


['May 21 

I * ^ ' 


4 
5 
6 
7 
8 
9 

10 
11 

> ' 1 


B 
7 
6 
5 
4 
3 
2 
1 

2 


1.2 
8,5 
16.5 
24.1 
33.1 
40.9 
47.6 
52.3 

54.0 


12^.5 
113.4 
101 A 
89.3 
76.3 
61.6 
44^ 
23.4 

0,0 


0 
93 
175 
219 ' 
244 
' ,259 
268 
t 273 

27S 


0 
25 
71 
119 
163 
201 
231 
249 

* 255 


0 
10 
28 
88 
153 
212 
259 
288 

299 


0 

9 

17 
74 
138 
197 
244 
274 

284 




rv 
U 

• 8 

15 
58 
119 
176 
222 
251 

261 


•0 
7 

r3 

41 

98 
.151 
194 
222 

23! 


0 
6 
11 
16 
63 
109 
146 
170 

178 




Surface 


daily totals 


3340 


* 2374 


2374 


2188 


1962 


1682 


1218 


1 '+un«21 
I ^ 

1 ^ 


4 

5 
6 
7 
8 

, 9 
10 
11 


8 
7 

6 

■ 5 
4 
3 
2 
1 

12 


4*2 
11.4 
19.3 
27.6 
35.^ 
43.8 
50.1 
55.e 

57,5 


127.2 
115.3 
f 103.6 
91.7 
^ 78.8 
i 64.1 
^ 46.4 

> lis 
; o.G 


21 
122 
185 
222 
243 
257 
265 
269 

1 271 


4 
40 
86 
132 
175 
212 
24C 
258 

264 


2 
14 
34 
92 
1J4 
211 
255 
28^ 

i 29^ 


2 

13 
19 
76 
131 
193 
23S 
i 261 

1 27( 


2 
11 
17 
57 
116 
\ 17G 
\ ?14 
f ^ 242 

\ 251 


2 

1C 
15 
3S 
91 
143 
184 
21C 

'"'2f! 


1 

8. 
12 
15 

> 55 
\ 98 
['^133 
I 156 

1 164 




Surfaa 


t daily totals 3438 




1 238^ 


\ 2)6i 


J 191t 


) 1601 


5 1120 



pau 


SoUr 


Solar 
posltlan 


BTUH/sq. ft. total imoUtioft on surfacdb 




AM 


PM 


Alt 


Azm 






South facing surface * 
angle with h.orU. 










N 


Normal 


HorJ^. 


46 




66 


76 


90 




S 

h 

1 

8 

9 
10 

11 


8. 

7 

6 

S 

4 

3 

2 


1 

T.7 
9.0 
17,0 
25.3 
33.6 
4l!4 
48.2 
52.9 


125.8 
113.^^ 
fOI.S 
89.7 
76.7 
62.0 
44.6 
23.7 


0 
91 

' 169 
212* 
237 
252* 
261 
265 


0 
27 
72 
119 
163 
201 
230 
248 


0 
1 h 
30 
88 

t C t 

208 

254. 
283 


0 
10 

18 
^74 
1 Jo 
193 
239^ 
2§g^ 


0 
9 
\h 
58 
1 1 T 
173 
217 


0 

^ 8 
14 
41 

147 
189 

216 


0 
6 

15 

£1 
01 

106 ' 

142^ 

165 




12 


54.6 


0.0 


267 


254 


293 


27^; 


255 


225 


173 




Surface daily totals - 


3240 


2372 


2342 


2152 


192& 


16^6 


41S6 


Aug 21 


5' 
6 
7 
8 
9 
Id 

n 


— »- 

7 

6 

5 
4 

3 

2 

t 


2.0 
10.2 
18.5 
26.7 
34.3 
40.5 
U8 


J095 
97.5 
84.5 
71.3 
56.7 
40.0 
20.9 


^ 

1 

' 112 
187 
225 
246 
258 
26il 


^ .0 
34 

^ 128 

168 
1^9 
' 218 


« 

0 

U 

li 

140 
i02 
251 
282 


0 

• n 

• 65 
131 
193 
i42 
274 


10^ 
56 
119 
179 
227 
J58 


>• I 

45 
1 04 
160 
206 
235 


u 

7* 
28 
75 
126 
166 
19V 




s 12 


46.3 




266 


225 


293 


285 


269 

1 — ^- — < 


245^ 


200 

. ■ #1,1 




, Surface daily tot4ts 




1 00^ 


2218 


2118 


1966 


17^ 


1392^ 


Sep 21 


7 
8 
9 


s 
4 

3 

•2 

1 


8.3 
16.2 
23 J 
29.0 
3^.7 


77.5 
64.4 
50.3 
34.9 
17.9 


10/ 
1 94 
233 
253 
263 


25 
72 

ir4 

/ 146 
/ 166 


* 36 

Ml 
18*1 
236 
271 


36 
111 
18? 
^237 

a?3 


, 34 
108 
178 
23^2 
267 


32 
.102 
168 
221 
254 


28; 
B9 
147 

22i 




.^12 


34.0 


0,0 




171 










« ^ J i 




Surface dai^y. totals 


236& - 


122Q 


1950 


1962^ 




1820 


1594/ 


Oct 21 


8 

. 

10 


4 

3 

2 
. 1 


7.1 
13,8 
19.0 
S2.3 


^ 59,1 
*45.7 
31.3 
16.0 


104* 

193 

251 


^20 
60 
92 
112 


53 
138 
201 
240 


57 
145 
210 
250 


59 
148 
213 
253 


59 
147. 
210 
248 


57 
.138 
195 1 
230 




12 


23.5 


o!o 




, 119 


253 


263 




261 


241 / 




Surface dajJy totaU 


1804 


688 


1516 


1586 


16^2 


1588 


^480 


Nov 21 

• 


9 

10 

fll 


3 
2 
1 


5.2 
10.0 
13.1 


41.9 
28.5 

14.5 


76 
165 
201 


12 
39 
58 


49 
132 
^179 

\ 194 


54 
j-143 
^ 193 


57 
149 
- 201 


59 
152 
203 


58 
148 

^196 




12 


14.2 


oro 


. 211 


65 


-209 
* — 


217 




2)% 




Surface diS^toUls 


1094 




914 


986 


1032 


1046 


,1016 


21 


9 

10 
11 


3 
2 
1 


1.9 
6:6 
9.5 


40.5 
27.*5 
' 13.9 


113r 


' 19 

,37 


3 
86 
141 


4 
95 
154' 


4 

16^ 


4 

104 

' 167 


4 

103 
16t 




12 


10.6 


0.0 


islv^ 


' 43 


1S9 


173 


182 


186 


182 ' 




Surface daily totals 


^ 748 

— * 


156 


620 


678 


716 


734 


722 



) BlUHJSQ. ^1. = 3.152 W/m* 

NOTE: 1) Baied on d^u In Table 1, p. 38,7 in mf. [3] ; 0^ ground refWctance; 1 .0 
clearness f^tor. * ' * < ^ 

2p See Fig. 4/p. 394Jn.( 3| for typical regional clearness factors. ' 
3) GfEHmd reflection not included on normal or hc^l/bn'tal surface^. 



64 Degrees North Latitude 



ScAu 
lim«. 



AM 



Ian 21 10 



PM 



12 



^ peillloR 
Alt I Aip» 



2.8 
5.2 

6.0 



28.1 
14.1 

' 0.0 



Normal I Horix. 



"22 
81 

m 



2 
12 

16 



South faclni MirfaM 
angle wl\h horiz. 



54 64 



Surface 


ifyily totals 


8 


4 


3.4 


58.7 


-9 


3 


* 8.6 


44J 


10 


2 


1X6 


30.3 


11 


1 


15.1 


15.3 


12 " 


1&0 


0.0 



306 



4i 



17 
72 

91 



268 



19 

77 

98 



290 



74 



20 
SO 

102 



302 



84 



20 
103 



306 



20 
81 

103 



304 



Feb 21 



35 
147 
199 
222 

228 



4 

<.31 
55 
71 

•77 



17 
403 
170 
212 

225 



— r 
19 

108 

T78 

220 

235 



194> 
111 
181 
223 

237 



• 194 
110 

m 

M9 

233 



19 
236 



Suffaa dafly totals 1432 I 400 



1230 



1286 



1302 



1382 



252 



lMar.21 



7 
8 
9 
10 
11 



6.5 

22.3 
25.1 



12 , 26.0 



76.5 
62.6 
48.1 
32.7 
16.6 

0.0 



95 
185 
227 
249 
260 

263 



18 
54 

87 
112 
129 
134 



30 
101 
171 
227 
262 

274 



29 
■102 
172 
229 
265 

277 



29 
99 
169 
?24 
259 

271 



160 
213 
246 

258 



89 

15$ 
203 
235 

i46 



X I Surface dally <ot|ts 2296 ^32 



1856 



1870 



1830 



1736 



1656: 



lApf 21 



5 
6 
7 
8 
9 
30 
,i 11 



7 
6 
.5 
< 
'3 
2 

r 



12 



4.0 
10.4 

17.0 
23.3 
29.0 
33.5 
36.5 

■97.6 



108.5 
95.1 
81.6 
67.5 
52.3 
36.0 
18.4 

0.0 



, 27, 
1335 
194 
228 
24« 
260' 
266 

268> 



76 
112 
144 

1^9 
184 

190 



15 

136 
197 
246 
2t8 



63 
128 
189 
i39 
270 

281 



Surface dally totals 2982 1 1644 



)un2,1 



May 21 j 


4 


S 


5.8 


125.1 


5 


7 


11.6 


112.1 




6 


6 


17.9 


99.1 




7 


5 


24.5 


85.7 




8 


4 


30.9. 


71.5 




,9 


3 


36.8 


56.1 




10 




41 .6 


38.9 




11 




44.9 


20.1. 




12 


46.0 


0.0 



51 
132 
W5, 
2f8 
239 
252 
261 
i« 
267 



Surta<y dalU toUls . 3470 



3 


i 


4.2 


139.4 


4 


8 


9.0 


126.4 


5 


7 ' 


14.7 


113.6 


6 




21.0 


100.8 


7 


S 


27.5 


87.5 


6 


4 


34.0 


73.3 


9 


3 


3^.9 


57.8 


10 


2 


44.9 


'40.4 


11 




4%.i 


20.9 


12 


49.S 


■ 0.0 



21 
93 
154 
104 
221 
23? 
251 
258 
262 

263 



Surface daily totals 



•»5; 



11 
42 

79 
117 
152 
1-82 
205 
219 

224 



2176 
-»7 



2082 



1936 



223* 



4 

"27 
60 
96 

132 

231 
235 



2#88 



5 
13 
29 
86 

14« 
204 
249 

278 

288 



2312 



2 

10 
. T6 
34 
91 
150 
204 
247 
275 

284 



4 

ir 

16 
72 
133 
190 
'235 
164 

274 



2tJ4 



2 
9 

74 
133 
187 
230 
2^8 

267 



2342 S2118 



116 
176 
224 

255(4 

2^ 



1 

143 

.102 
158 
203 
-233 

243 



1736 



4 

10 
^4 

s;6- 

115^ 
1T0 
213 
242 

251 



1898 



13 
17 
•5$ 
112 
1*64 
206 
233 

242 



3 
9 
^2 
■ 39 
94 
145 
186 
213 

2^2 



1624 



11 
M 
36 
88 
137 
177 
202 

2^1 



186% 1558 



1 
6 
37 
91 
145 
188 
336 
2^5 



1i94 



3 
& 
♦it 
21 
80 

167 
193 

201 



1436 



1 
6 
10 

n 

23 
73 
119 
157 
181 

189 



13S6 . 



/ 

t 

I 

f r\ 



\ 



Date 



Jul 21 



time 



AM 



4 

S 
6 

7 



9 
10 
II 



.7 
6 
5 

i>4 



12 



Sobr 
posbfon 



Alt 



6.4 
12.1 
18.4 
25.0 
3i:4 
37.3 
42.2 
45.4 

46.6 



Azm 



125.3 
IT 2.4 
99.4 
86.0 
71.8 
56l3 
39.2 
20.2 

ao 



BTUH/ki. ft. totit Imdiatton on suffice* 



Normal 



53 
128 
179 
2V 
231 
245 
253 
257 

!259 



Styfacc daBy tottte 3372 



Hoflz 



13 
44 

81 

tl8 
153 
182 
204 
218 

223 



2248 



- South facing surface 
an^ with boriz. 



54 



N 

86 
146 

20t 
245 

273 

282 



2280 



64 



13 
17 
72 
131 
186 
230 
258 

267 

T 



2090 



74 



T1 
16 
56 
113 
1M 
206 
236 

245" 



1864 



84 



10 
13 
38 
91 
141 
181 
207 

216 



1588 



90 



4 
9 
12 
28 
77 
124 
162 
W7 

195 



1400 



Aug 21 



5 


7 


4.6 


m.s 


29 


6 


3 


6 


6 


11.0 


95J 


123 


39 


T6 


7 


5 


17.6 


Sk\.9 


181 


77 


69 


8. 


4 


23.9 


673 


214 


113 


132 


9 


3 


29.6 


52.6 


234 


144« 


190 


10 


2 


34.2 


-'36.2 


246 


168 


237 


11 


1 ' 


37.2 


18.5 


252 


183 


268 


12 


38.3 


0.0 1 


254 


.188 


278 



11 

61 
123 
182 
229 
2^ 
270 



> 10 
52 
112 
169 
215 
244 

255 



42 
97 
150 
194 
222 

232 



2 
7 
35 
87 
138 

m 

205 
215 



Surface daily totals »08 



1646 



^108 



10M 



I860 



1662 



1522 



Sep 21 


7 


5, 


6.5 


76.5 




S 


4 


12? 


72.6 




9 


3 


18.1 


48.1 




10 


2 


22.3 


32.7 




11 




25.1 


16.6 




12 


26.0 


/ 0.0 




Surface daNy totals 


Ott 2! 


8 


4 


3.0 


58.5 




9 


3 


8.1 


44.6 




10 


2 


12.1 


30.2 




11 


1 




15.2 




12 


15.5 


D.O 



77 
163 
206 
229 
24& 

244 



16 
►51, 

83 
108 
124 

129 



25 
92 
1*59 
2f2 
246 

258 



25 
92 
159 
213 
248 

260 



24 

90 
.156 
209 
243 

254 



23 
85 
147 
T98 
230 

241 



21 
81 
141 
189 

22» 

230 



2074 



892 



1726 



1736 



1696 



1608 



1532 



17 
122 
176 
201 

208 



2 

26 
50 
65 

71 



9 
86 
152 
f93 

207 



9 
91 
159 
h201 

215 



10 
93 
161 
203 

217 



10 
92 
159 
200 

213 



10 
-90 
155 
195 

208/ 



Surface daily totals • i; 



358 



1088 



1136 



1152 



1134 



1106 



Nov 21 



10, 


2 


3.0 


28.1 


^ 23 


11 


1 


5.4 


14.2 


79 


12 

-1 


6.f 


0.0 


97 



3 

12 

17 



18 

70 

89 



20 
.76 

96 



21 
78 

too 



21 
80 

101 



21 
79 

100 



Surface (fatly totals 302 



46 



Dec 21 



11 



12 



266 



\J6 
2.6 



286 



'298 



302 



13.7 
0.0. 



300 



4 

16 



3 
14 



4 

15 



4 

16 



4 

17 



♦ si 
t7 



■Surf^ daBy totaly 24 



20 



22 



'2^ 



24 



24 



1 8TUH/S0. FT. = 3.m W/in» 
NOTE: 1) Based on dau in Table 1 . p. 397 In r'ef. |3) ; 0% ground reflectance; 1 .0 
Clear ne$$ factor^ ^ » 

l\ ^!^' \?' f reg|of«J clearness factors. , 

31 bfound reffccttoo not incli^ed^n normal or horizontal surfaces. 
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Appendi x 
C-1 



1 ^ 



\ 3 • ^ 



^ Ta^le 1 / 
THEWJAL PRQKRTY.DATA 



1 * 




,. 








Material, ' ' 




1 , 


Thenjal .Conductivity 


. k. 


• % 

* • • 






•{Btu-ft/h 


rit^ °F) • 




• Air • ^ 








.015 


; ■ 

r 






1 








Water . 




» / 

1 




.35 


i 


' Brick ' 
Concrete 


• > 


• 




- .30 


• 


\ * 




.50 


- .75 * 


« M 

t 

1 


■ Glass 


• \ 


• 


.42 


- ..50 




GranitjB 


1 \ 


>.08 


- '2.33 




Limestone. 






.33 


- J5- 


• 


Sandstone 






.87 


- 1.33.,' 




Wood 


\ 






.14 


• 


GypsiHft Wall board 

V 

Corkboard j 






- 


.0925 






/ 


.022 


- .025 




Fiberglass batt 






.02^^ 

f 


.030 , 


' 4 ' 


Glass wool blanket 


'$ 


* • 


.022 

* ♦ » 


- .023 




Insulating -boards 


% 


V 


.027. 


- .031 


V" 


Polystyrene 




> 




.022* 


r 1 

Polyurethane 








.011 










.024 


- .030 




Rock wool, loose 


* 






Aluminwn 






55'- 


110 • 




* 

m. 

Copper 

'A. 






. 15 - 

* 




V 


, Nickel / 


• 






12 . ' 

• 




Silver, cast 


• 




242 




Steel ( carbon^ 






*21 - 


25 




^ Zinc, cast , / 






60 - 


65 


• 



,7 



189 * 



« Table 2 

« COEFFICIENTS OF TRANSHIS&ION OF WINDOWS 





1 III 

Window 

« ■ ■ _ . . 


(U- values) 




Single glass .25" 


l.ip 




» ... ' 
Themx)pane .5" airspace 


.49 * 




Storm windows 1 to 4" gap 


•50 




Table 3 


* w 




R-VAIU ES ■ 




Material 


R-Vaiue 




Plasterboard, 1" thick i 


0.45 ^ 




Plvwood. 1/4" thick ^ 


0.31 - • 




Paneling, softwood 1" thick 


1.25 




Paneling, ha'rdwdod ,1" thick 


• ^ , 0.95 ' ' 




Cork wall covering 1/8" thick < 


0.44 




Acoustic tile 


2.75 




Terrazzo, 1!' thick ' - 


0.08 




Concrete, V th'ck • 


0.08 




Linoleum flooring ' 


0.05 




Vinyl flooring 


0.05 ' 




Rubber floor tiles 


0.Q5 . 




Carpe;t with fibrous pad 


2.00 




Air,. 3/4" to 4" •. ' 


0.9§' 

■IS 




Insulating board, > 15732" 






Styrene foaiti, 1" . ^ 

. . • 1 


4. -5 ^ 
\ 

• * 



' 1 Q •* 
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Table 3 (continued) 



ft 

^tater1a^ 

P 4 




R-ValMe 






4 

a 

Mineral wool, 1" 




3.3 




I 

Glass-i single pane 
Glass, two pane 




• 0.88 


• 




J . 54 


f 


Glass, thenmpane • 




2.04 




Glass, three pane 




^.^2 

0 




^ Glass, storms with T' to 4" gap 




2.00 




; For cjjHTjgari soti 1" fiber glass 


« 

• 


3.30 




■ / US Departmenrt of Energy 1977 
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Table 4 
INSULATION (R-values) 



Material 
Thickness 
(Inches) 


' Batts or 
Glass 
Fiber 


Blankets 
Rock 
Wool 


■ -- ^ 

Loose Fill (Poured in) 
Glass Rock Cellulose 
Fiber Wool Fiber 


, * V .1 . 


3.38 


3.66 • 


2'. 20 . 


. 2.75 


3.66 . 


2 


.6.76 


7.32 


4.40 


5.50 ■ • 


^7.32 


3 


TO. 14 ' 


10.98 


6.60 


8.25 


10.98 


•< 

4 


13.52 


14.64 


8.80 


11:00 


14.64 ' " 


5 


' 16.90 


18.30 


11.00 


13.>5 


18.30* 


6 


20.28 


21 .96 


13.20 


16.50 


21.96 




23.66^ 


25.62 


. 15.*40 


19.25 


25.62 - 


8 


27.04" 


29.28 
32.94 


17.60 


22.00 


29.28 , • 




30.42 


19.80: 


^4.75 


32.94 


10 


33.80 


36.60 


* '^.00 


. 27.50 


36.60* 




37.18 


^ 40:26 


24.20 


30. 2^' 


40.?;6 


12 


• 40.56- 


43.9^ |< 


26.40 


33.00 . 


A3. '92 ■ 



US Department of Energy T977 • 
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Table 5 
RECOMMENDED R-.Values 





FHA MininKfln 
for G$s Heat 


National 
Mi nera-l Wool 
Assoc. for 
Oil Heating. 


TVA ^ 




Owen 

Corning ' 

..s 


1 


Electric 
Heating 


■ "Studies 
based on- 
minirftiBTi 
life cost 


Cifri lings 


Xl9 


R-19 or 22 


R-19 


• R-30 ' 


1-38 


Walls 


R-1 1 


R-n 

• 


R-n ' 


' R.20 ^ 


R-19 


Floors over 
un|ieated . 
space 




R-11 


4 

\ 

R-n 


1 

' R-20 


R-22 


US Department of Energy 1977 
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TaMe 6 
RETROFITTING 



Typical Old House 



R-value 



Retrofitted 



Roof 
Wan 

Basement > 

Ground|FlQor 
Door f 



Wi ndow' 



4 

10 



12" fiberglass R=43 

3^5 blown R=18 

3*5 fi-berglass or 

2" Styrofoam R=20 

6" fiberglass R=25 

Add storm, insu- R-3 , 
l^ted door R-10 

Add storm window 
shutters R-10 



Maine Audubon Society 



J 



Append 1}( 
C-2 
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Heat Loss for Typical Walls 




Figure 1 



CONSTRUCTION ' . . 

Outside surface (15 m.p.h. winti) 

2. Concrete block, sand and gravel aggregate, 8 in. 

3. Inside surface (still air) 



RESISTANCE 

0.17 

• 1.04 

0.68 
- 1.89 



^ q = 37.04 Btu/hr ft' 



V 
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Figure 2 



CONSTRUCTION 

1. Outside surface (15 m.p.h. wind) 

2. Concrete block, lightweight aggregate, 8 in. 
3;. Ipside surface (still air) ^ 

' q-= 23.18 Btu/hr ft 



/ 



RESISTANCE 
0.17 
2.17 
0.68 *• 

irof 



194 
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Figure 3 



CONSTRUCTION 



1. . Outside 'surface (15 m. p. h. wind) 

2. Concrete block, sand and gravel. aggregate, insulated 
with mineral wool, 8 in. 



3. Inside sur^ce (still- air) 



RESISTANCE 
0.17 

1.92 

0.68 

07 



q « 25.27 Btu/hr ft^ 



-9 n . > 



Figure 4 



CONSTRUCTION 

1. Outside surface (15 m.p.h. wind) 



^ 2. ^Concrete block, lightweight aggregate, insulated 
with mineral wool, 8 in-. . 

3.- Inside surface (still air) 



RESISTANCE 
0.17 



5.00 
0.68 



^ q=' 11.97 Btu/hr ft' 
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CONSTRUCTION 

1. Jace bfick, 3.525 in. 



Figure 5 



2. Rigid polys trene extrudecK, 1 ftiT 

3. 'Concrete block, lightweight aggregate, 4 in. 
|4. Plaster," .375 in. • 

5. Outside surface, (15 m.p.h. wind) 

6. Inside surface {still a1r) 



q = 21.64 Btu/hr fV 



RESISTANCE • 
.50 
.36 

i.4i 

. .03 
0.17 
0.68 

or • 



5 
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/f igur'e 



CONSTRUCTION ' , ' . . ^ 

•» . * ■ 

1. Outside surface (15 m.^.h. wind) 

2. Face brick, 3.^25 i^/ , 

3. ' Non-reflective ail* space, 1.00 i'n. 

4. Concrete jb>ock. lightweight aggregate, 4.00 in. 

5. Plaster, sand aggre^gate, .375 in. 

6. Inside sUi^-face (still air) 



RESISTANCE 



0.17 



0.50' 



1.12^ 

lf49 

0.08 

0.68 
4.04 



q = 17.35 Btu/hr ft' 



ERIC 
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CONSTRUCTION . . 

1. Face brick, 3.625 in. 

2. .Outside surface {15 fh^p.-hT wind) 
3- Air space, 1 in. < 

4. Concrete block, lightweight aggregate, insulated 
with mineral wool* 4 in. 



5. Plaster^, .375 in. ! 

6. Inside surface (still air) 



RESISTANCE 
0.50 
0.17 
-1.12 

0.03 
0.68 



5.00 



13:99 Btu/hr ft' 



9 



* , Figure 8 • . 

CONSTRUCTION ^ • RESISTANCE 

1. Outside surface (15 m. p. h. windO 0.17 

2. Concrete blocjc, lightweight aggregate, 4 in. 1.49 * 

3. Polyurethane foam, ^in.* '15.15 

4. Concrete block, lightweight aggregate, 4 in. " 1.49 . 

5. Inside sui^fac'e (still air) - 0.68 

WM 



q = 3.69 Btu/hr ft^ 



,C-2 

/ 



f 



CONSTRUCTION 

1. Outside surface {hS m.p.h. wind) 

2. Face brick, 3.625 in. 

3. I" X ^ studs V 16" o.c. 

in. 

Impregnated sheathing, .75 in. 

* / ' 

6. Plywood, .75/ in. 

7. Gypsum board* .50 in^. 

8. ' Inside surface (still air) 



Air space, 3 





RESISTANCE 



0.50 
4.38 
1.14 
2.04 
.9'3 
:45 
0.68 



10.29 



\ 



/ 



> ■ 
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q = 6.80 Btu/hr ft' 
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Figure. 10 



CONSTRUCTION / • : 

I 

1 . Marble, 3.00 in. 

I. Face brick, 3.625 in.' 

3. Pine, 1.00 in. 

4. Plaster. .75 in. ^ 

5. Outside surface, {15 m.p.h. wind) 

6. Inside surface (still air)- 

2 

q = 15.10 Btu/hr ft^ 



9 f\ ( ) 



C-2 
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Figure 1>> 



CONSTRUCTION 

- ■ 

1. ' Outside surface (15 m.p.h. wind) 

2. Face brick, '3.625 in. 

3. 2" X 4" Studs 9 16" o.c. 

4. '3.5 in. polyurethane Insulation 

5. Impregnated sheathing, .75 in. 

r 

6. Plywood, .75 in. / / 

7. Gypsum boar^V .50 Jn. 

8. Inside surface (still air) 



RESISTANCE 

0.17 

0.50 ; 

4.38 

26.52 

2.04 

.93 " 

.45 

0.68 ' 
35.67 



q = 1.^62 Btu/hr ft' 



2i" 



Figure 12 * • ' 

CONSTRUCTION .' . ' RESISTANCE 

1. Concrete block, lightweight aggregate, 4. OC in. 1.47 

2. Outside surface, 15 m. p. h. wind 0-17 
%. 2" X 4" studs @ 16 in. o.c. ' ' "* , * 4.-38 

4. Impregnated wood sheathing, .75 in. • ^2.04 

5. Plywood, .75 in. - / , -^3 

6; Gyps ui^ board, .50 in*. . • -^5 

7. Inside surface- (still air) , # Q-^A 

^ 10.12 ' 

2 

q = 6.92 Btu/hr ft^ 



e-2 ' 
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Q Figure .13 - 



CONSTRUCTION 

1. Outside surface, 15 m.p.h. wind „ " 

2. Face brick, 3.625 in. 

« 

3. - Cement mortar, 0.5 in. ' 

4. Concrete block, cinder aggregate, 4.00 in, 

5. Reflective air space. 0.75 in. 

6. ^ Nominal 1" x 3" vertical furring 

7. Gypsum wall board, .5 in. 

8. . Inside surface (still air) 



RESISTANCE 

0.17 

0.50 

0.10 

1.47 

2.77 

0.94 , 

0.45 

0.68 ' 
7.08 



q = 9.88 Btu/hr ft 



2 



Figure 14 



CONSTRUCTION RESISTANCE 

1. 0utsid6^ii|irfa9e, 15 m.p.h. wind 0:17 

2. Face brick, 3.625 in. ' 0.50 

3. 2" X 6" studs * • 6.88 

4. Air space, §.50 in. ' 1.16 

5. Gypsum board, 0.5 in. ' - 0.45 

^ # » f 

6. Inside surface /{still air) ^ ■ ' 0.68 

9.84 



q = 7.11 Btu/hr ft^ 
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Figure 15 



CONSTRUCTION 



RESISTANCE 



v.. Ojjtslde surface, 15 iih.p.h. wind 
2. J|ace brick, 3,. 5^5 in. 

\. 2" X 6" -studs , ' . ' . '. 

4. Polyurethane insulatioh, 5!50 in. 

5. Gypsgm board, 0.5 in. 

6. Inside. surf ace (still air) 
At framing: R = 8.683 Bet;ween fraijiing: R = 43.47 
Averagl R factor at the studs is = 37.67 

* . • q = 1^77 Btu/hr ft^ 



0.17 
0.50 

f 

6.88 
41.67 
0.45 
0,68 
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Figiire 16 



CONSTRUCTION . ' 

1. Outside surface, 15 m. p. h, wind 

2. Concrete block, lightweight aggregate, insulated 
with mineral wool, 4 in. 



3. Air space, 2 in. 

.4- Polyurethane, lin. 

5. Wood siding, .1 in. 

6. GypsiflTi board, .50 in. 

7. Inside surface (still air) 

q = 5.439 Btu/hr ft^ 



RESISTANCE 
• '0.17 

2.50 

1.12 ' " 
7.5S 
' 0.67 
0.45 
0.68 



^ Z.r 



ERIC 



Figure 17 , 



XONSTRUCTION- * " , - . RESISTANCE 

1. 2 wythes of. bricksi 4.50 in. 0.62 

2. Air space. '2* in. / , ^1.15 

3. 2 wj^thes of bricks, 4.50 in. 0.,62 

4. • Outside surface, 15 m.p.h. wind 0.17 

5. Inside surface (still air ) 0.& 

3.24 

* 4 

• * • 2 

q - 21.54 Btu/hr ft"^ 



>1 



f , 



^ ? 



CONSTRUCTION 



n * 




Figure 18 



^1. Outside surface, 15 m.p.h. wind 

2. Face brick, 3.625 in. 

3. Wood studs, 2" x 4\ 
•4. Air, 3.5D in. . . 

5. Plywood, .75 in. 

6. Reflective ain space, :75 in. 

7. Gypsum board, .5 in. 

8. Inside surface (stilf^air) 



/ 



n 

RESISTANCE 
0.17 
0.50 
4.38 
1.16 • 
0.93 

0.45 
0.68 



11.21 



o 

ERIC 



4^ = 6.24Btu/hr ft' 
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Figure 19 



CONSTRUCTION v 

"T" = ^ ' . ■ . ' 

1. Outside surface, 15' m.p.h. wind „ 

2. Concrete block, lightweight aggregate, insulated 
with mineral wool. ^ in. 

■ 3. Plywood. .75 in. 

' ■ * \- 

4. Wood studs, 2" x 4" . ^ 

5. Po>yurethane, 3.50 in. > 

6. Plywood, .75 in. 

7..* Inside surface (still air) 



RESISTANCE 
0.17 

^.50 
0.93 
4.38 

26.52 
- 0.93 
- 0.68 
36. if 



q ^ 1,98 Btu/hr ft' 
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Figure 20 



CONSTRUCTION 

— ' « 

1. Outside surface, 15 m.p.h. wind 

2. Face brick, 3.625 in. 

3. Reflective air space, .75 in. 

4. Polyur€lthan$, 4.50 in. 

5. Plywood, .75 in. 

6. Plywood, .75 in. 

7. Gypsum wall board, .375 *in. 

8. ^side surface (still air) 



RESISTANCE 

0.17. 

0.50 

2.77 ' 
' 34.09 

0.93 

0.93 

0.32 ' 

0.58 



40.39 



q = 1.73 Btu/hr ft 
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Figure 21 



CONSTRUCTION ' 

1. Outside surface, 15 m.p.h. wind 

2. Faoe brick, 3.525 in. 

3. Reflective air space, .75 in. 

4. Polystyrene, 4.50 in. 
5^ Plywood, .75 in; 

6. .Plywood, .75 in. 

7. Gypsum/ board, .375 in. 

8. Inside surface (stilT air) 

- q = 2.99 Btu/hr ft^ 



RESISTANCE 

0.17 

0.50 

2.77 
' 17.04 

0.93 

0.93 

0|32 

0.68 
23.34 



1 
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Figure 22 



i 

CONSTRUCTION , ' , 

1. Outside surface, 15 m.p.h. wind 

2. Face brick, 3.625 in. 

3. Wood sheathing, .75 in., 

4. Polystyrene, 4.50 in. 

5. Gypsum wall board, .50 in. 

6. Inside surface (still air) 

q = 3.35 Btu/hr ft^ 



RESISTANCE 

0.17 

0.50 

2.04 

17.04* • 

0.45 

0.68 
20.88 
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. ESTIMATED ANNUAL ENERGY CONSUMPTION 
. OF APPLIANCES (KILOWATT-HOURS) 



Major 



Air Conditioner (room) - 860 * 

Air Conditioner (central) - 1240 v 

Clothes Dryer - 993 

Dishwasher - ,363 ^ 

Freezer (16 cu ft.) - 1190 

Freezer (frostless, 16.5 cu ft.) - 1820 

Range - 700 - . 

Rahge (self-cleaning) - 730 • ^ . 

Refrigerator (12 cu. ft.) - 728 

Refrigerator (frostless, 12 cu. ft.) - 1217 

Refrigerator/Freezer (12.5 cu. ft.) - 1500 

Refrigerator/ Freezer (frostless, 17.5 cu. ft.) - 2250 

Washing Machine (autonatic) -" 103 

Washing Machine (wringer type) - 76 -» 



Water Heater - 4811 




V 



Kitchen 



Blender - 15 



Broiler - 100 



Waffle Iron - 22 
Waste Disposer - 30 



Carving Knife - 8 
Coffee Maker - 140 



Deep Fryer - 83 
Egg Cooker -»14 
Frying Pan - 186 
Hot Plate - 90 



Heating & Cooling - 

Air Cleaner - 216 
Electric Blanket - 147 
Dehumidifier - 377 
Fan (attic) - 291 
Fan (furnace) - 43 



Mixer - 13 



Microwave Oven 
Register - 205 
Sandwich Grill 
Toaster - 39 



33 



190 



Fan (roll away) - 138 
Fan (window) - 170 
Heater (portable) - 176 



Heating & Cooling (continued) 
Heating Pad - 10 
' Humidifier— 163 
Iron (hand) - 144 

t *■ 

Health & Beauty 

Germicidal Lamp - 141 - 

Hair Dryer - 14 
* Heat Lamp (infrared) -- 13 
' Shaver - 1.8 

Sun Lamp - 16 

Toothbrush - 0.5 . 

Vibrator - 2 



Entertainment 



Radio - 86 

Radio7Record Player - 109 
TV: 

Black & White: 
Tube type - 350 ' 
Solid state - 120 

« 

Color: 

Tube type - 660 
Solid state - 440' 



Housewares 

, Clock - 17 • 

Floor Polisher - 15- 
^Serving Machine - 11 

Vacuum Cleaner - 46 



Reference: "Tips for Energy Savers"; Federal Energy Administration, 
August 1977 
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GLOSSARY 

# 

ABSORPTIVITY.' The ratio of the incident radiant energy absorbed by a surface 
to the total radiant energy falling on the surface. 

ACCELERATION. The tiire rate of change of velocity in either speed or directiqn. 

ALBEDO. The ratio of the light reflected by a surface to the light falling on 
It. 

ALTERNATING CURRENT. An electric current whose direction of flow is chcTnged * 
at periodic Intervals (njany tiroes per second). 

AMPERE. A unit of nffi'asure for an electric current; rate of flow of electric 
current. 

ATO^IIC ENERGY. Energy derived from tl^e mass converted into energy In nuclear 
transformations. 

BARREL. Although seldom put in actual "barrels," crude oil Is measured in 
a unit called the barrel, equal to 42 U.S. gallons. One barrel of 
crude oil has the saire energy as 350 pounds of coal. 

BASE LOAD. The minimum amount of power demanded of a utility (electric or 
gas) over a given period of tire. 

BLACKOUT. A situation in which all power is cut off from electrical - 
generating facilities; or can be caused by storm damage, equipment 
failure, or overloaded utility equ1pn«nt. 

BREEDER REACTOR. A nuclear chain reactor in which a greater number of 

fissionable atoms are produced than the number of parent atoms consumed. 

BRITISH TERMAL UNIT.(BTU). The quantity of heat required to raise the tempera- 
ture of one pound of water one .degree Fahrenheit at or near its point 
. of maximum density (39.1°F). 

BROWNOUT. The deliberate lowering of voltage (and thus the power supplied to 
all users) by electric utility canpanies; employed when denand for power 
exceeds generating capacity. 

CALORIE. The amount of heat necessary to raise one kg of water by one degree 
Celsius. Uncapi tali zed, the calorie is the amount of heat required to 
raise one gram of HgO one °C. 

CAPACITY. The maximum load for which a generator, transmission circuit, power 
plant, or System is rated. 

CELSIUS SCALE: The temperature scale using the ice point as 6 and the steam, 
point as 100, with 100 equal divisions or degrees between. * 

4 
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CHEMICAL ENERGY. The kind of energy that may be released when a chemical 
reaction takes place.' 

CIRCUIT. The complete path traversed by an elec^rfc current. 

COAL. Sol id, ' combustible, organic hydrocarbon fonned by the decomposition 
of vegetable material under pressure and heat beloijf the earth's surface. 

COAL GASIFICATION. The conversion of coal to a gas suitable for use as a fuel. 

COLLECTOR EFFICIENCY.' The ratio of the energy collected by a solar collector 
to the radiant energy incident on the collector. ^ . 

COMBUSTION. Burning; technically, a rapid oxidation accOtnpan'^d by the 

release of energy in the form of heat and light. 

t . ' \ - 

CON^CTION (ELECTRICAL). The process of carrying an electripl current. 

CONSERVATION OF MATTER AND ENERGY (LAW OF). Matter and* energy are inter- 
changeable; the total amount of energy and matter in the universe 
remains constant. • ^ 

CONSERVATION OF MECHANICAL ENERGY (LAW OF).' the^sian of the potential and 
kinetic energy of an ideal, energy systan remains cdnstant. 

CONVECTION. The transfer of enejrgy by nwving masses of matter. * • 

CONVENTIONAL HYDROELECTRIC PLANT. A ^^ydroelectric power plant that utilizes 
- streamflow only once as the water passes downstream, a% o)^posed to a 
pumped- storage plant which recirculates all or a portion of -the 
streamflow. 

COULOIB.' The amount of charge delivered by an electrical current of one 
ampere flowing for one second. 

CRUDE OTL. Liquid-fuel forHi©d from the fossils of animals and plantsS at' 
the bottom" of ancient seas; petrol eian as it cynres from the ground. 

CURRENT (ELECTRIC). The rate of moveir^nt of electricity. 

CURTAILMENT. Cutting back the use of energy resources in an emergency ais ) 
. opposed to conserving or wisely using energy resources. J ^ 

DENSITY. Thejnass per unit volume. 

DIRECT CURRENT. An electric current that flows in only one direction through 
a circuit. 

DIRECT ENERGY CONVERSION. The process of changing any other form of energy' 
into electricity without machinery; for example, a battery which changes 
chemical energy into electricity. 



EER. Energy efficiency ratio; B.tu's divided by wattage. 

ELECTRICAL ENERGY. The energy associated with electric charges and their 
movement; measured in kilowatt-hours. . 

ENERGY. The capability of doing work. Potential energy is energy due to 
position of one body with respect to another or relative' pcfrts of the ' 
same body. Kinetic energy is due to irotion. 

ENTROPY. A n«asure of the unavailability of energy to do useful work; every 
spontaneous process in nature is characterized tjy an increase in the 
tptal entropy of the boc^ies concerned fn the process. 

ENVIROflilENT. The si^ of, all external conditions and influence^ affecting 
the life, development, and ultimately the. survival of an organism. , 

EUTECTIC SALT. A material used to store heat bynn^ting. Heat is later 
released for use as the material solidifies. 

a 

EVAPORATION. The change from liquid to gas in which molecules escape fV 
'the surface of the liquid. 

FEEDSTOCK: Energy resourced used as raw materials in the production of I 
products rather than as fuels for burning. / 

FIRST LAW OF THERMODYNAMICS (als6 called the LAW OF CONSERVATION OF ENEj/g/). . 
Energy can neither be created nor destroyed. * ' 

FISSION. A nuclear reaction in which the atom is split into two approxi- 
mately equal masses. There is also the emission of extremely great 
quantities of energy since the simi of the masses of the two new atoms 
is less than the mass of the parent atom. 

FLYWHEEL. Energy storage based on the principle that a spinning wheel stores 
mechanical energy. 

FORCf . That property which Changes the state of rest or motion in matter 
n^asuWd by the rate of change in nromentLan; the force (F) required to 
produce an acceleration (a) in a mass (m)'is given by F = ma. 

FOSSIL FUELS., Coal, oil, natural gas, shale, peat;, originating from 

geologic deposits of ancient plant and animal life under millions of 
years of heat and pressure. 

FRICTIONAL FORCE. • Force required to move one surface across another. 

FUEL. A vsubstance used to produce heat energy. 

FUEL^/6§LL. A device in which fuel and oxygen are combined to produce electricity. 
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FUSION. A nuclear reaction involving the combination of smaller atomic 
nuclei or particles into larger ones with the release of energy 
from mass transformation; also called a themwnucl ear reaction 
because of the extremely high temQerature required to sustain it. 

GAS. A state'of matter in which the moleci^les are practically unrestricted 
by cohesive forcesi a gas has neither definite shapje nor voliflne. 

GAOLINE. A mixture of hydrocarbons obtained from petroleian. 

GENERATOR. A device that converts heat or mechanical energy into electrical 
energy. 

GEOTHERMfllL tNERGY. The »ieat energy available in the earth's subsurface, 
believed to have Wn produced by natural radioactivity;, the tempera- 
ture increase? by about l^F for each 100 feet of depth. 

GRAM. A unit of mass in the cgs system. 

GROSS NATIONAL PRODUCT (GNP).' -A measure pf economic activity; the total 
ifiarket value of all goods and services produced in a country (depre- 
ciation and other allowances for capital consumption are not deducted). . 

HEAT.". Energy possessed by a substance in the form of internal 1<inetic 
.energy; transferred by conduction, convection, or radiation. 

HEAT CAPACITY. That quantity of heat required to increase the temperature 
of a system or subsjtance one degree Celsius. 

HEAT ENERGY. Energy that causes an increase in the tanperature of an object; 
it may Chang* the object from sol'id to. liquid or from liquid to gas. 

HEAT OF FUSION. .The heat absorbed by a body When undergoing a phase change 
from a solid to a liquid with no change in temperature. ^ 

HEAT OF SOLIDIFICATION. Heat released by a substance whan undergoing a phase 
change from a liquid to a solid with no change in temperature (numerically 
equal to the heat of fusion). ^ 

HIGH-SULPHUR CONTENT. Generally, coal or oil that contains more than one 
percent of sulphur by weight. ^ 

HORSEPOWER. Unit of power in the English system. 

HYDROELECTRIC PLANT. An electric power .plant in which the turbine-generators 
are drivojS, by falling water. 

INCIDENT ANGLE. The angle between the direction of the sun and the perpendicul 
{rtonnal) to the surface on which sunlight' is falling. 

INSOLATION. SunligW: or solar radiation, including wavelengths of ultraviolet 
( <0.4 microns), visible (0.4 microns to 0.7 microns), and infrai^ed 
radiatiorf (> 0.7 microns). Total insolation includes both dir^t and 
diffuse Insolation. = 
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INSULATION; A substance that can slow down the flow of heat or soua^ from 
one material to another. . ^ 

' *' , • 

JOULE. 'A metric unit measure of work; the energy produced by a force of 
one newton operating through a distance of. one meter (joule = newton- 
meter) . 

KILOCALORIE. 1000 calories. . , 

KILOWATT (kw). 1000 watts 

KILOWATT-HOUR (kwh). The amount of. work or energy delivered during the " 
Steady consumption of one kilowatt of power for a period of one hour. 

LATENT HEA^. A physical property of material indicating the.,anK)unt of heat 
in calories or BTU's absorbed when a naterial changes from a solid to 
a liquid (fusion)* or from a liquid to a gas (vaporization). Energy 
is given up when a gas condenses or when a, liquid solidifies. 

LIGHT. Visible radiant energy. . 

LIQUEFIED NATURAL GAS (LNGj. Natural gas that has been changed into a 
liquid by cooling to about -160°C at which point It occupies about 
I/606 of its gaseous volume at normal atmospheric pressure, thus 
reducing the cost of shipping and- storage.. 

LIQUID, a' state of matter in which the Jnolecules are' relatively free to 
change their positions with respect to each other but restricted by 
cohesive forces so as to maintain a relatively fixed volume. 

LOW-SULPHUR CONTENT. Generally, ^ used to describe coal or oil which is one 
percent or less sulphur by weight. 

mass: a measure of the weight of matter in an object. The weight of an 
object depends on Its mass. The United States standard measure is 
the avoirdupois pound as defined by 1/2.^0462 kilograms. 

MEGAWATT *(MW). A unit of power equa.1 t^ 1 ,000 kilowatts or one million 
watts; usually used to describe the capacity of power plants. 

METHANE. Colorless, nonpoisonous, and flammable gaseous hydrocarbon (CH^); 
emitted by marshes',and by dumps undergoing decomposition; the 
principal constituent of natural gas. 

MOLECULE.' The smallest unit or quantity of matter which can exist by itself, 
yet retain all the properties of the original substance. 

-MOMENTUM. Quantity of moti'on measured by the- produH^of mass and velocity. 

MOTION. Continuous change of location or position of a body. 
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NATURAL GAS. Mixtures of hydrocarbon gases and vapors occurring naturally 
in certain geologic formations, usually associated with oil. 

NEUTRON. A constituent particle of all nuclei of mass number greater than 1.' 

* 2- 
NEWTON. A unit of force necessary to accelerate one kilogram one m/sec . 

NONRENEWABLE RESOURCES. Near-term deoletable energy resources, such as the 
fossil fuels (coal, gas. and oil). ' 

NUCLEAR POWER PLANT. One in which heat for creating steam is provided by 
fission rather than combustion of fossil, fuel . . 

NUCLEAR POWER. Electric power produced fran a power pWnt'by converting the 
energy obtained from nuclear reaction. 

NUCLEAR REACTION. A change in an atomic nucleus, such as fission, fusion, 
neutron capture, or radioactive decay, as distinct from a chemical 
reaction, which is limited to changes in electron structure 'surrounding 
the nucleus. 

OFF-PEAK POWER. Energy supplied during periods of relatively low system demands. 
The' basic unit of ele.ctrical resistance of a conductor. 



OIL SHALE. A sedimentary rock containing solid organic matter (kerogen) that 
yields amounts of oil. 

OPEC. The Organization of Petroleum Exporting Countries. / 

PEAKING DEMAND. The maximiBn peak load that can be supplied by a generating 
unit, station, or system in a stated period of time. ^ 

PHASE CHANGE. The process involved when a material changes frofn a sqlid to a 
liquid ^or a liquid to a gas, each requiring an absorption of energy with 
no temperature change; or when the material changes from a gas to a 
liquid to a solid, each requiring a loss of energy with no temperature 
change. ] k . ' 

PHOTOVOLTAIC CELLS. (Solar cells): Semiconducting devices that convert 
sunlight directly into electric power. 

PLUTONIUM. A fissionable element, artifically produced by neutron bombard- 
ment of U2^^ 

POWER. The time- rate at which work is done. 
PRESSURE. Force per unit area. ' 

PUMPED STORAGE PLANT. A hydroelectric power plant which generates electric 
energy for peak load use by utilizing water pumped into an elevated 
storage reservoir during off-peak. periods. ' ^ ' 
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PYRANOMETER. An instrument for measuring sunlight intensity! It usually 
n^asures total (direct plua diffuse) fnsolation over a broad wave- 
' length'.range. 

PYRHELI(»1ETER. An instrument that measur'es the intensity of the ^direct beam 
- radiation (direct insolation) from the sun. The diffuse component is. 
aot measured. 



TTON. The emission and propagation of energy through, space or through 
■^ terial meclium in the torm of waves. 



Ry^JATTON 
^iphna 

RENEWABLE RESOURCES; Nondepletable resources. 

RESERVES. The amount of a natural resource which can, be recovered* by 
present-day techniques and under present economic condi^ons. 

RESERVOIR. A pond, lake, tank or basin, natural 'or man-made, used for the 
storage, regulation, afid control of water. 

RESOURCES.. The estimated total quantity of natural resources, including 
prospective undiscovered mineral reserves. , 

SECOND LAW OF THERMODYNAMICS. One of the two laws which govern the con- 
version % energy; sometimes called the "heat. tax," it can be stated 
in several equivalent forms, all of which describe the inevitable 
passage bf energy from a useful to a less useful form in any. energy 
conversion. - 

SOLAR CELL.' An electric cell^whicK converts radiant energy from the sun 
i nto el ectri cal .energy . 



SOLAR ENERGY. Radiant" energy from the sun. 

SOLID ■ A state of matter in which the relative irotion of the molecules is 
restricted and they ^end to retain a definite fixed position relative 
to each other with a defwite shape and volume. 

SOLID WASTE. Unwanted or discarded material with insutficiMt liquid 
' ♦ content to be' free flowing. , - ' . 

SOUND ENERGY. A ktnd of energy carried by molecules that vibrate so that 

longitudinal waves are formed. • , . 

SPECIFIC HEAT. A phys,ical property of .materials that indicates the amount 
of heat required to raise the temperature of one pound of material one 
degree Fahrenheit, measured in BTU/lb ^F; or one gram of material one 
degree Celsius n«asured in calorie/g°C, 

.^STATIC ELECTRICITY-. Electricity at rest. 

• - - - 
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STEAM-ELECTRIC PLANT. A plant in which the turbines connected to the 
generators are driven by steam. 

STOCKPILE^ A storage pile or reserve supply of an essential raw material. ^ . 

STORAGE CELL. An electrochemical cell in which the reacting materials are 
renewed by the use of a reverse current from an external source. 

STRIP-niKING. A process in which rock and topsoil strata covering ore or 
fuel deposits are scraped away by ^mechanical shovels. , , 

TEMPERATURE. Average translational kinetic energy of the molecules of a 
substance (^ue to heat agitation. 

THERMAL POLLUTION. Degradation of water quality by the introduction of a 
heated effluent; primarily a result of the discharge of cooling waters 
. from industrial processes, particularly from electrical power generation. , 

* - 

THERMODYNAMICS. The science and study of the relationship between heat and 
othet forms of energy. 

TRANSFORMER. A machine which can increase or decrease the voltage of an 
alternating current of electricity . 

TRANSMISSION LINES. Wires or cables by which high voltage electric power is 
moved from point to point. 

VOLT. Unit of potential difference required to make a current, of one amp 
flow through a resistance of oNn; V = joules/coulon^s. 

y * * 

WATT. A unit of power equal to the transfer of one joule of energy per second; 
/watt = /volt X /ampere. ' ' 

WEIGHT. The measure of gravitational fonce acting on a mass; W = Fgrav = 

WORK. A force acting .through a distance. 
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